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ABSTRACT 
Two automatic weather stations (AWS) operating on mountain summits in 
Scotland- are described, and data from one are analysed in more detail. 
One of the AWS is operating on the summit of Caerketton hill, (56N,3W) 
In the Pentland hills, just to the south of Edinburgh, at an altitude 
of 453 metres, and the other is operating on the summit of Cairn Gorm 
(57N, 3W, 12 145m) In the Cairngorm mountains close to Aviemore. 
Each station is described and a brief summary of the difficulties of 
operating the automatic weather stations at these heights is given. A 
field study is described in which the data from the Heriot-Watt MkII 
(HW2) AWS, on the summit of Cairn Gorm, was compared with data at the 
standard height of 10 metres and good agreement was found. The 
processing of data from each station is described and an example of a 
monthly summary produced for each station Is presented. 
Mean monthly and extreme values of wIndspeed, temperature, daily 
temperature range and wIndchill are presented for the HW2 AWS, 
covering the period October 1978 to December 1982. The data are 
compared with lowland meteorological stations, with upper air data 
from the radio-sonde stations of Shanwell and Stornoway, and with data 
from the observatory on the summit of Ben Nevis (13143m), Britain's 
highest mountain, which ran from 1893 to 1904. Cases of high 
winds peeds are investigated and the importance of the interaction of 
the mountain with stable layers In the atmosphere is shown. One third 
of the cases when a 2.5 minute mean windspeed exceeded 32.5rns 1 were 
found to be associated with one particular synoptic situation. 
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INTRODUCTION 
The variation of weather with height is well known to those who take 
to the hills for work or pleasure, with conditions on the summits 
generally much more windy and colder than in the valleys. The rapid 
deterioration possible in the weather, especially in winter, is an 
important factor in causing fatalities among hill walkers and 
climbers. Yet there are very little data available from upland areas 
to quantify these conditions, and only a few stations operating at 
altitude to indicate when the weather is deteriorating rapidly. 
This thesis draws mainly on the work of the Cairn Gorm Summit Weather 
Project, a joint effort between Edinburgh University Meteorology 
Department and Heriot-Watt Physics Department, funded by the Natural 
Environment Reasearch Council (NERC), to increase our knowledge of 
weather at mountain top level in Britain. 
The impetus for the project came after the tragic deaths of six 
Edinburgh school children, when their party was caught out by a sudden 
blizzard on the exposed Cairngorm plateau. This incident aroused 
considerable public concern and led the late Dr. Alisdair Thom of 
Edinburgh University and Professor Desmond Smith of Heriot-Watt to 
propose operating an automatic weather station (AWS) on the summit of 
Cairn Gorm. Such was their commitment to the project that a prototype 
was designed, built and installed within six months of the decision to 
go ahead. 
The data were seen to be useful in three ways. They would indicate 
when severe weather was taking place; the data would allow a data base 
of mountain weather parameters to be built up, which could be compared 
with existing- data from the well developed meteorological network at 
lower levels, to.provide better forecasts for upland areas; and on an 
academic level, the data could be used to investigate the interaction 
of the atmosphere with the mountain. 
The Heriot-Watt MkII AWS (HW2) is equiped with a radio link which 
transmits the data recorded by the station to Heriot-Watt University 
1 
in Edinburgh, where it is received and stored on a microcomputer. The 
AWS sends the last ten hours of data (20 records) every half hour. 
This redundancy in the system is useful in that every transmission 
does not have to be received to obtain a completed coverage of data. 
The microcomputer is connected to an auto-answering modem which allows 
the data to be relayed to the Glasgow Weather Centre. The Glasgow 
Weather Centre Is responsible for issuing a daily forecast for the 
Cairngorm area, and in particular, for the mountains. Normally, data 
are received at the Glasgow Weather Centre three times a day at 0600, 
1200 and 1800 GMT and are used to prepare and verify the forecast. In 
complex situations, or in situations where a rapid change is taking 
place, data may be obtained throughout the day, every half hour if 
necessary, to monitor the situation. 
The Meteorology Department at Edinburgh University was responsible for 
the running of an Institute of Hydrology AWS on the summit of 
Caerketton in the Pentland Hills just south of Edinburgh. Although 
this station was at a much lower level than Cairn Gorm, its close 
proximity to the meteorological station at Turnhouse Airport should 
allow good comparisons to be made. 
In Britain, there are very few data available from the upland areas, 
and much of the data available have only been collected over short 
periods in the summer, when conditions are at their most favourable. 
The mountain areas of Britain are uninhabited and there has been no 
economic need for forecasts to justify the cost of establishing manned 
meterological stations. The increasing popularity of the mountains for 
recreation, hill walking, skiing and climbing, and concern for the 
safety of the people taking part, has led to a demand for such 
forecasts and for weather data from the mountains. The development of 
automatic weather stations capable of working In such conditions, at a 
much lower cost than an equivalent manned station, may mean that more 
data will become available in the future. 
Figure Ii shows places in the United Kingdom and Ireland where upland 
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The only data available which have been collected at a similar height 
to that from the HW2 AWS (shown on figure 1 as Cairn Gorm, 12 145 
metres) over a long period, are from the Ben Nevis Observatory (13143 
metres) and from the anemograph on the chairlift on Cairn Gorin, at a 
height of 1090 metres. The anemograph is situated well below the 
summit of Cairn Gorm, so the windspeed recorded is highly dependent on 
the wind direction, and in the winter suffers badly from riming as it 
has no anti-icing equipment. The Ben Nevis observatory pioneered the 
collection of mountain weather data and ran from 1883 to 1904, and 
these data still remain the longest continuous record of high level 
weather data in Britain. The remarkable story of the Ben Nevis 
observatory is told by Paton (reference 12). Data from HW2 and Ben 
Nevis can only be compared on a statistical basis, and a longer run of 
data will be needed from the HW2 AWS before this becomes meaningful. A 
comparison is made only between windspeeds at the two summits to show 
the effect of the summit topography: the Ben Nevis observatory was 
close to a. 550 metre cliff which deflected the air flow from all 
directions apart from the south east, leaving the observatory in a 
sheltered region. This highlights one of the major problems associated 
with mountain summit data: the problem of generalising from a single 
station to a wider area when such large variations can be induced by 
the local topography. 
During the project, I was responsible for all the activities concerned 
with processing and analysing the data from both the automatic weather 
stations. This included the implementation of the system to transfer 
the data recorded on cassette onto the mainframe computer; the design 
and implementation of the data processing software; the routine 
processing, quality control and archiving of data; - designing the 
layout and producing the monthly summaries; and carrying out analysis 
of the data. In addition, I was responsible for the day to day running 
of the Caerketton AWS and organising and carrying out with Dr J S 
Barton of Heriot-Watt university, the field comparisons of the HW2 AWS 
with standard instruments, and completing an analysis of the data. 
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CHAPTER 1 A description of the automatic weather stations. 
Two automatic weather stations are described. Both are situated on the 
summits of mountains, but the altitude of each determines the 
conditions in which each station must operate. 
The Herjot-Watt MKII AWS (HW2) is sited on the summit of Cairn Gorm at 
a height of 1245 metres, and is designed to withstand the high winds 
and severe icing, found at this level. The maritime climate with steep 
lapse rates make icing a major problem. It is not possible to use the 
usual method of deploying the meteorological instruments on a mast, as 
the instruments soon become coated in ice and in severe icing 
conditions and strong winds, the mast itself would collapse. 
Collecting data in this manner would only be possible for a few months 
in the summer. To overcome the problem of icing, a different type of 
station was specifically designed and built. The strategy adopted was 
to keep the instruments in a heated cylinder, and to only expose them 
for 3 minutes every half an hour to take readings. The AWS measures 
windspeed, wind direction and temperature. 
The other AWS is sited on the summit of Caerketton hill in the 
Pentland hills just south of Edinburgh. This is at a much lower 
height, 1453 metres, and because icing occurs infrequently, a standard 
type of AWS can be used. The station is an Institute of Hydrology AWS 
which carries a comprehensive set of sensors and logs data every five 
minutes. The site is only a few miles away from the meteorological 
station at Turnhouse airport, Edinburgh, and it should be possible to 
find the effect of altitude over a wide range of variables, though 
this analysis has not yet been carried out. 
As well as describing the design of each AWS, a brief account is given 
of the difficulties of operating the stations at these heights. The 
AWS are relatively inaccessible and even minor faults can lead to a 
significant loss of data. The severe weather to which the stations are 
exposed, places exta stress on instruments and components, and results 
in a higher failure rate than if the stations were sited at low level. 
The addition of a radio link to relay data from the HW2 AWS was a 
major factor in increasing the operational efficiency of the station, 
as faults could be detected as they happened rather than just on 
periodic visits to the AWS, when quite large amounts of data had 
already been lost. 
-1- 
1.1 THE HERIOT-WATT MKII AUTOMATIC WEATHER STATION 
Figure 1.1 The HW2 AWS above the mountain rescue 
radio relay hut. 
The first Heriot-Watt automatic weather station (HW1) worked from 
March 1976 till March 1977, when it was replaced by the present 
station (HW2). (Fig 1.1). The Ht2 AWS is supported on a gantry above 
the radio-relay hut, thirty metres south east of the summit cairn on 
Cairn Corn (12 145 metres, 57N ). Cairn Gorrn lies on the northern edge 
of a plateau which forms the largest area of high ground in Britain. 
Cairn Corn is a uniquely favourable site. It is Britain's fifth 
highest mountain and its dome shaped summit ensures good exposure from 
all directions (Fig 1.2). Cairn Corn is one of the busiest skiing and 
hill walking areas in Scotland. This allows relatively easy access by 
road and chairlift to within one kilometre of the summit, and makes 
the data recorded directly applicable to a large number of people. 
Mains electricity is available in the radio-relay hut, supplied by 
underground cable from the top chairlift station. 
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Figure 1.2 Cairn Gorm and its surrounding area: contour 




Figure 1.3 An example of riming when the first proto-
type, HWl, failed in the open position. 
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The major environmental problem that the AWS must overcome is riming 
(Fig 1.3).  This occurs in sub zero temperatures and hill fog, 
conditions that are prevalent during the winter on Cairn Gorm. Icing 
can occur at any time of the year. Conventionally exposed sensors 
without any de-icing measures soon become encased in rime, rendering 
them useless. The FIW2 AWS substantially avoids this problem by 
exposing the instruments for only three minutes every half hour. For 
the rest of the time, the instruments are withdrawn inside the heated 
body of the station. The AWS must be able to withstand winds gusting 
to over 50 ms 
1  and prolonged periods of relative humidity at 100%. 
The J-iW2 AWS is a cylinder, from which the instrument section can be 
raised using a screw jack mechanism, driven by an electric motor (Fig 
1.4). The body of the station isan aluminium and steel frame covered 
by three removable, insulated glass fibre panels to allow easy access.. 
Heaters are provided to warm the interior of the station and to 
prevent ice forming on the rim of the lid, which would prevent the 
station from closing. The AWS is powered by mains electricity and has 
an average power consumption of 40C Watts in winter and 100 Watts in 
summer. The control electronics, a "hard-wired" system as opposed to a 
microprocessor based system, and the data recording equipment, are 
kept inside the hut. A Nicrodata M200 portable data logging system is 
used (described later). A solid state memory holds the last 10 hours 
of data and a VF radio-link relays these to Heriot-Watt University in 
Edinburgh, 135 Kilometres away. 
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1.1.2 SENSORS 
Figure 1.5 The sensor plat-
form with anemometer, wind 
vane and temperature screen. 
The sensors mounted in the AWS (Fig 1.5) comprise a three cup Porton 
anemometer, a Porton wind vane, and a resistance thermometer. The 
anemometer hangs down from the lid of the station for best exposure 
and is four metres above ground level in its deployed position. It is 
-1 
a switching type rated to 75 ms 	and has a distance constant of 5 
metres. A five watt heater around the shaft keeps the bearing ice 
free. Anemometer rotations are totalled over 2.5 minutes and an 
additional electronic circuit records the maximum 3 second gust within 
each 2.5 minutes. The digitising step for windspeed is not constant 
due to the non linear calibration of the anemometer, but is 
approximately 0.8 ms- 1. 
The Porton type wind vane is mounted on the sensor platform vertically 
below the anemometer. Its analogue voltage output corresponds to a 
range of 600 degrees (_1200  through one complete revolution and round 
to +1200)  to avoid frequent switching at the north point. The output 
is smoothed using a time constant of 30 seconds and digitised in 6 
degree bands. 
A quick response platinum film resitance thermometer is enclosed in a 
simple rectangular metal radiation shield, 10 centimetres above the 
sensor platform. The thermometer covers the range -30°C to +30 0 C in 
0.3 deg C steps. The reading is taken at the end of the 3 minute 
period allowing as much time as possible for the thermometer to come 
into equilibrium with the ambient air. This original screen has been 
replaced by one incorporating a fan for forced ventilation since 
September 1982. 
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1.1.3 OPERATING EXPERIENCE 
Mechanically the AWS has performed well, with over 1 1400 days of 
operation during the period from March 1977 to December 1982. Early 
problems such as the malfunctioning of the lid heater, burn-out of the 
motor brake and logger battery failure were overcome by suitable 
design changes and recent performance has been satisfactory. The 
station has recovered without damage after periods of icing due to 
heater failure and has restarted successfully after several electrical 
power cuts. The station has only once been badly damaged by a 
lightning strike. During periods of very high winds and low 
temperatures (>30 ms ) <-1O° C) the windchill effect on the station 
keeps the internal temperature below 0 ° C even with the heaters 
working. The internal temperature of the station has also reached over 
0 20 C on occasions when the station has failed to open, indicating a 
fault in the heater control system. A new heater control system was 
installed in September 1982. 
A design fault in the radio initially caused problems, but out of 200 
transmissions monitored between February and April 1980, 172 yielded 
error free transmissions, 27 were partially corrupted and only one was 
unusable. The logger has performed well, with flat batteries beilng the 
only cause of failure. 
All sensors have had a variety of faults. These are often small but 
are troublesome to correct when the station is at a distance and one 
must wait for a suitable "weather-window" to reach the station. Icing, 
water, and the mechanical force of the wind are the main causes. There 
has been very little damage to the station caused by vandalism. 
Icing may still occur when the AWS is working correctly during 
freezing rain. It mainly affects the anemometer and is characterised 
by a larger than usual ratio of the maximum gust to the 2.5 minute 
mean. In severe cases the anemometer stops altogether. The combination 
of a build up of rime and high winds leads to high mechanical stresses 
on the station, instruments, cables and the aerial. Cups have been 
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blown off the anemometer, the tail off the wind vane, and the 
temperature screen has been blown from the sensor platform. The large 
run of wind past the anemometer, even although it is only exposed for 
10% of the time, has worn the bearings, with the result that the 
anemometer stops in light winds due to the increased friction. 
Relative humidity at 100% means that it is difficult to keep water out 
of any mechanism - it enters as vapour and then condenses when exposed 
to the cold. Good quality connectors (judiciously protected with - 
silicone grease) had to be used to stop water in the connectors 
causing spurious readings. This mostly affected data from the wind 
vane and thermometer. The introduction of the radio-link was important 
in minimising the effect of these problems as they could be detected 
soon after they occured and not just on periodic visits to the AWS. 
The design of the temperature screen has been a major problem. The 
original screen did not provide enough shielding from solar radiation 
in the summer and did not cool rapidly enough when exposed from the 
heated interior of the station in winter during periods of low 
windspeed. Both these effects cause the thermometer to over read and 
temperature data are not considered reliable when the windspeed falls 
below 5 ms . Various types of passive and forced ventilation 
temperature screens have been tested to try and overcome the 
defficiencies in the original. Finding a fan that will work reliably 
in the prolonged periods of high humidity has proved a problem. 
In addition to these basic sensors, a capaciti'e film humidity sensor 
has been tested. The humidity sensor, a Vaisalla HMP 21, was not 
suited to the conditions of high humidity, and had to be removed after 
6 months as the prolonged saturation had rendered it unservicable. 
Only on a few occasions did it give sensible readings. The sensing 
element was protected by the manufacturers sintered filter and further 
by an aluminium wind sheild. A humidity sensor using the property of 
absoption of infra-red light by water vapour is under development. 
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1.2 THE CAERKETTON AUTOMATIC WEATHER STATION 




Figure 1.6 The Caerketton AWS with the rain gauge in the foreground. 
The Caerkettori automatic weather station, (CK AWS) is a standard 
Institute of Hydrology AWS (Ref 9 ). It is sited on the summit of 
Caerketton hill (473 metres, 56N 3W) at the north east. end of the 
Pentland hills, just south of Edinburgh. Ceerketton is the middle peak 
of three hills which form a steep scarp-faced ridge which marks the 
most northerly end of the Pentlands. In contrast to Cairn Gorrn, which 
can be considered as an isolated peak, one would expect the airflow to 
be dominated by the complete ridge and not just the summit itself. 
This station is at a much lower altitude than Cairn Corn and so does 
not have the problem of severe riming. Some icing does take place 
during the winter but this is infrequent and short lived. The station 
is primarily designed to allow estimation of evaporation and carries a 
comprehensive set of sensors. The range of sensors and the proximity 
of the meteorological station at Turnhouse Airport should allow the 
effect of height to be seen over a wide range of parameters though .a 
detailed analysis has not yet been carried out. 
The station is formed from three steel tubes braced by guy wires (Fig 
1.€). The sensors consist of an anernoc:eter, wirdvare, solar and net 
radiometers, a temperature screen containing wet and dry electrical 
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resistance therometers, and a tipping bucket rain gauge. The station 
records data every five minutes using the Microdata M200 portable 
logging system. Data recorded are a 5 minute mean windspeed, rainfall 
integrated over 5 minutes, and spot readings of temperature, wind 
direction and radiation. The anemometer is a 3 cup switching type and 
windspeeds are digitised in steps of 0.33 ms -  The output from the 
wind vane is not smoothed and is digitised in 14 degree bands. Rainfall 
is recorded in steps of 0.5 mm. Temperature is recorded in the range 
-1 C to +350 C in steps of 0.25 deg C. The station records wet bulb 
depression in steps of 0.055 deg C in the range 0 to 11 deg C. Solar 
radiation is digitised in steps of 8.2 Wm- 
2  and net radiation in steps 
of 5.3 Wm_ 2. The station is designed so that most of the sensors need 
only be powered when the station logs. The AWS needs only three 
rechargeable 6 volt batteries to power the instruments and logger 
system. The batteries last for three weeks. 
1.2.1 OPERATING EXPERIENCE 
The station has performed well and stood up to the physical rigours of 
the weather. The major problem was that the batteries ran flat before 
the three week period was up, as they came to the end of their useful 
life. With experience, the signs of this occuring can now be noticed 
and the batteries replaced before there is a significant loss of data. 
Even although close to a busy path, the :station has only once suffered 
badly from vandalism. 
The sensors have performed well with only the solar radiometer 
unservicable for a long period. A replacement sensor solved the 
problem. The polytherie domes of the net radiometer are vunerable and 
tend to get blown in by strong winds but only occasionally do they 
become split and need replacing. The rain gauge sometimes gets knocked 
over when sheep graze in the field (the station is not fenced off) and 
has also been tampered with by passers-by. It also gets covered by 
snow drifts in the winter. The only mechanical problems with the 
station, have been a fault with the logger, and faults with the reed 
switches in both the anemometer and rain gauge. None of these caused 
any major loss of data. 
1.3 THE MICRODATA M200 LOGGER SYSTEM 
Figure 1.7 The logger and interface unit (open) showing the signal 
conditioning cards. 
Only a brief description is given here. For a full description, the 
relevant Nicrodata documentation should be consulted. The system is 
designed to be robust and portable for unattended operation in the 
field. Power is provided by 6 volt batteries and data are recorded on 
a cassette tape. Up to 12 channels may be recorded in binary, 8-bit 
word format at each log. 
The system comprises two parts, an interface unit and the logger 
itself (Fig 1.7). The logger contains the batteries in the lid, a 
power supply unit, a clock, a digitiser, and the cassette tape 
recorder. The interface unit contains slots for up to 12 removable 
conditioning cards. These modify the signals from the sensors to a 
form suitable to be digitised by the logger. The interface unit can 
accept both analogue and digital signals. Channels without a card in 
the interface box are not recorded, so minimising tape usage and 
maximising battery life. The first channel is usually used as power 
supply monitor and should digitise to a standard value of 240. 
Normally channels Ere arranged so that the data are digitised in the 
range 0 to 200. The maximum possible value for a channel is 255. The 
data are recorded sequentially on the tape with a longer gap marking 
the start of a log. To decode the data from a cassette tape, a 
?icrodata 1JR200 cassette reader must be used. 
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Figure 2.1 The summit of Cairn ('-orm, August 1980, from the east. 
The HW2 AWS is of a novel design and in a unique situation. The AWS is 
mounted on a gantry above the mountain-rescue radio relay station on 
the summit of Cairn Gorm (Fig 2.1). The hut is not quite at the 
highest point of the mountain, and so the station may suffer from two 
effects: the influence on the local air flow by the hut and possible 
sheltering and shaping of the flow by the summit. The data obtained 
from a field calibration would allow us to verify these effects and to 
relate the readings from the HW2 AWS to data from instruments at the 
standard height of 10 metres. Heriot-Watt and Edinburgh Universities 
carried out a preliminary study in August 1979 using a 14 metre mast 
and a more comprehensive study in August 1980 with additional 
equipment loaned by the Meteorological Office and the Institute of 
Hydrology (IH). The aim of the field trial was to set up reference 
instruments and compare readings from these with simultaneous data 
from hW2 and the IH AWS, which is situated on the south west corner of 
the hut. On sites such as this there is no accepted layout for the 
instruments and common sense has to be exercised in positioning the 
reference instruments. A height of 10 metres was chosen for the 
reference anemometer and wind vane as this is the standard height for 
measurement and was the best compromise between going as high as 
possible to eliminate local effects and the practicalities of 
obtaining and erecting the equipment. 
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Figure 2.2 Site plan and layout of anemometer masts. 
The August 1979 field study compared only wind speeds from HW2 to 
those at LI and 2 metres. Temperature or wind direction comparisons 
were not attempted. Ninety-eight hours of data were recorded over the 
period 23 to 31 August. Data were logged from HW2 and from anemometers 
at LI metres (HW2 anemometer height) and 2 metres on a portable mast 
for three different positions of the mast around the hut. Hourly wind 
speeds at LI metres on the mast ranged from 1.8 rns ' to 21 ms 1 and 
there was a good range of wind direction over the period. Icing of the 
instruments occurred early on the morning of the 27 August. 
During the August 1980 study, 350 hours of data were recorded between 
15 and 31 August. A 10 metre mast was erected close to the highest 
point of the summit with anemometers at 10, LI and 2 metres, and a wind 
vane at 10 metres (Fig 2.2). A LI metre mast was erected to the south 
west of the hut with anemometers at LI metres and 2 metres and wet and 
dry bulb temperatures were recorded in a Varine Stevenson screen at 
the bottom of the 10 metre mast by electrical resistance themometers. 
The institute of Hydrology AWE was also operating throughout the 
period, recording every 5 minutes. During the experiment HW2 was fixed 
in its raised position, recording windspéed, wind direction and dry 
- 12 - 
bulb temperature. This is not the normal mode of operation for HW2, 
but this should not affect the data recorded by the AWS at this time 
of year. Data from all the sensors were logged simultaneously every 
2.5 minutes. Good ranges of wind speeds and directions were 
encountered, with mean hourly windspeeds at 10 metres ranging from 
0.9.ms to 33 ms. Icing occurred on 23 August, bringing down the 10 
metre mast, resulting in the loss of 10 metre data until the mast was 
re-erected on the 26th. 
2.2 DATA ANALYSIS 
The data analysis covered three variables, namely, windspeed, wind 
direction and temperature (dry bulb). The general approach was to 
assess the calibration of the HW2 AWS according to the mode in which 
it would be used. As the station does not take standard meteorological 
measurements, the analysis must find the relationships between the 
data available from the AWS and the standard quantities required by a 
forecaster and show that the data fit these relationships to within 
acceptable limits. The limits used were: 
Windspeed 	+ 2ms' below 2Oms -1 
.,. 10% 	above 2Oms -1 
(refe -red to the 10 metre wind) 
Wind Direction + 20 degrees. 
Temperature 	+ 1 degree. 
These limits are taken from the WO Guide to ?eteorological Instrument 
and Observing Practices, 3rd Ed., Annexe 1A, Table 4, Accuracy 
Requirements for AWS for Synoptic Meteorology. Although these limits 
strictly do not apply to a site such as the summit of Cairn Corm, the 
results presented below will show that greater than 6% of the points 
fall within the limits for windspeed and greater than 90% for 
temperature. 
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2.2.1 WINDSPEED 
This is considered to be the single most important variable measured 
by HW2. Apart from the loss of 10 metre data due to the collapse of 
the mast, all anemometers worked perfectly over the calibration 
period. Identical anemometers to that used on HW2 were used on the 
masts, namely, Vector Instruments AlOOR Porton anemometers. 
In an operational mode, data available from the station are a 2.5 
minute mean windspeed every half hour and the maximum three second 
gust within that 2.5 minutes. A forecaster wants the standard wind - a 
10 minute mean at 10 metres. The relationship between HW2 2.5 minute 
mean windspeeds and 10 metre 10 minute mean windspeeds was found using 
the regression formula, Y=mX where XHW2 and Y10 metres. The 2.5 and 
10 minute means for the analysis were chosen from the field study data 
(consecutive 2.5 minute means) as below. 
10 metres (tn) = average over 
previous 10 
minutes 
HW2(tn) 	= average over 
previous 2 12 
minutes 
n 
Figure 2.2 shows the graph of HW2 2.5 minute means against 10 metre 10 
minute mean windspeeds. The best fit line is drawn along with the 
limits, referred to the 10 metre wind, of +2 ms7l below 20 ms-1 and 
+10 above 20 ms . The gradient is close to 1 and 86.5. of the points 
fall within the limits. The points that fall outside the limits do not 
do so symmetrically, more falling on the side that indicates 
underestimation of the 10 metre wind from HW2 data. This results from 
sheltering of the H'2 AWS: further details are given in appendix E. 
- 14 - 
45 
40 







10 	 20 	 30 
- 	
HW2 windspeed (2 2 minute 'mean)/ms -1 
Figure 2.3 Windspeed calibration: RW2 to 10 metres 
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Table 2.1 summarizes the information of figure 2.3 and also shows the 
results if one relates HW2 2.5 and 10 minute means to 10 metre 2.5 and 
10 minute means respectively. 
Table 2.1 	Windspeed relationships for H2 to 10 metres. 
(2.5 and 10 minute averaging periods.) 
Percentage 
X 	 Y 	 Number 	Gradient Correlation of points 
of points Coefficient within WMO 
limits 
HW2(2.5) : 10 metres(10) 	1581 	1.043+0.002 	0.983 	86.5 
HW2(2.5) : 10 rnetres(2.5) 6322 	1.041+0.001 0.988 90.0 
HW2(10) : 10 metres(10) 	1582 1.039+0.002 	0.990 	92.5 
If the regression equation Y:mX+c is used in relating }-1W2 2.5 minute 
data to 10 metre 10 minute windspeeds, this results in a value for 'm' 
of 1.016+0.002, for, 'c' of 0.5 ms') , and an increase in number of 
points within the limits from 86.5% to 87.5%. Both the value of 'c' 
and the increase in the number of points inside the limits are small: 
'c' is less than the digitising step (0.9 ms— I ) HW2 uses for logging 
windspeed data. Given the spatial variability of windspeed in 
mountainous terrain, it was felt that using the formula Y=mX gave 
satisfactory accuracy and had the benefit of being easily applied 
operationally. One only needs to use a multiplying factor on the HW2 
data to get the 10 metre value. It also has the added advantage that 
it is independent of the units in which the windspeed is quoted. 
An estimate of the 10 metre hourly windspeed can also be found 
from HW2 data. In its, operational mode, HW2 records a 2.5 minute mean 
windspeed every half hour. The quantity HW2 1 , 'the arithmetic mean of 
two 2.5 minute mean windspeeds from HW2 separated by half an hour, can 
be related to the actual 10 metre hourly mean windspeed. During the 
field study, 2.5 minute mean windspeeds were recorded consecutively 





24 	 V+V 18 
Actual hourly mean 	 V 
	
6 2 
V 1 to V 	 are consecutive 2.5 minute mean windspeeds.24 
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Table 2.2 shows the results if one relates HW2' and actual HW2 hourly 
windspeeds to hourly mean windspeeds at 10 metres. 
Table 2.2 	Windspeed relationships for HW2 to 10 metres. 
(HW2' and hourly averaging periods.) 
Percentage 
X 	 Y 	 Number 	Gradient Correlation of points 
of points Coefficient within WMO 
limits 
HW2' 	: 10 metres(hrly) 	264 	1.040+0.005 	0.988 	91.3 
HW2(hrly): 10 metres(hrly) 264 1.043+0.00 14 0.991 	9.6 
Note that the gradients of all the relationships in Tables 2.1 and 2.2 
are almost identical and that the scatter depends on the averaging 
period of the data used. 
Results relating HW2 windspeeds to those at LI and 2 metres both in 
1980 and 1979 are given in appendix A. 
Another result of use to a forecaster would be the probability of 
a 2.5 minute mean windspeed being much larger than the mean windspeed. 
The ratio of each 2.5 minute mean windspeed to its respective hourly 
mean was found and the resulting distributions are plotted in figure 
2.4a for 10 metres and in figure 2. 14b for HW2. A lower cut off of 4.5 
ins 
-1 
 was imposed to remove the high ratios in cases of low windspeeds 
which are not of interest. A maximum ratio of 1.8, and a standard 
deviation of 0.105 were found for the 10 metre data. The results for 
HW2 show a maximum of 1.9, and a standard deviation of 0.113. Because 
of its position on top of the hut one might expect the HW2 data to be 
more variable. The small standard deviations are perhaps surprising 
given the nature of the site. This means that given an hourly mean 
wind observation ( which can be derived from 1*12 1 ) there will only be 
a 1 in 140 chance (2.5%) of a 2.5 minute mean windspeed at 10 metres 
exceeding the hourly mean by 20%. 
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Figure 2.4(a) 10 metres Figure 2.4(b) HW2 
Number of points = 5578 	 Number of points = 6562 
Distributions on the ratio of 2 12 minute mean windspeeds to the hourly mean. 
Table 2.3 Percentage of points above 






























1.0 	 2.0 	 3.0 
Figure 2.4(c) HW2 gust 
Number of points = 274 
Distribution of the ratio of the maximum 3 second gust in 
an hour to the hourly mean windspeed 
Figure 2. 14c shows the distribution of the maximum 3 second gust, 
expressed as its ratio to the hourly mean, for HW2 data. Again, this 
analysis used a lower cut-off of 45 ms ' . The maximum ratio found was 
2.5, with a mean ratio of 1.52 i.e. the maximum gust in any hour is 
1.52 times the hourly mean wind, on average. As we would expect this 
distribution is not Gaussian. The percentage of points above a given 
ratio for the distribution in figure 2. 14c is given in Table 2.3 
(beside figure). 
2.2.2 WIND DIRECTION 
This was the variable most affected by instrument failures. The HW2 
intermittently gave wildly fluctuating readings throughout the 
calibration period. The windvane at 10 metres generally gave good 
data, but some data were lost due to the collapse of the mast on the 
23rd and during a period from the 22nd to the 23rd when it was giving 
directions from the south with a wind from the north west. 
Figure 2.5 shows windroses for 10 metres and HW2 with the worst of the 
unreliable data removed from the HW2 data. From the windroses it can 
be seen that there was a lack of easterly winds during the field study 
period. This is as we would expect if we compare them with the 
climatological windroses for Tiree for August and the year (fig 2.6). 
It can be seen that August is fairly typical of the annual pattern. 
The FiW2 windvane shows that westerly and south westerly winds measured 
by the 10 metre wind vane are shifted round to the north west. Some-of 
this effect may be real but it is probably mostly due to remaining 
unreliable data in the HW2 data used. It is felt that a reliable 
relationship between wind directions ban not be given from these data. 
Wind direction, is perhaps the least important of the variables 
measured by the station. 
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Figure 2.5 Windroses for 1BW2 and 10 metres for the field calibration 





Figure 2.6 Climatological windroses 	Scale  Frequency  
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2.2.3 TEMPERATURE 
After some initial setting up problems all sensors worked well. Only 
dry bulb temperature is measured by HW2. This was compared to dry bulb 
temperature measured by both an electrical resistance thermometer 
(ERT) and a mercury in glass thermometer in a marine Stevenson screen 
positioned at the foot of the 10 metre mast. Table 2.4 shows the 
relationship between the mercury in glass thermometer and the dry bulb 
ERT in the screen. 
Table 2.4 	Comparison of screen dry bulb temperature, as measured 
by ERT and mercury in glass thermometers. 
X 	 Y Number of 	M 	 C 	Correlation 
	
points coefficient 
Mercury in glass: ERT 	65 	1.03+0.03 	0.03+0.22 	0.974 
The gradient is 1 and the offset 0, to within experimental error, 
showing that the screen dry bulb temperature as given by the ERT is 
reliable. 
Table 2.5 shows the relationship found between HW2 and the screen (dry 
bulb) along with the percentage of points that fall within the limits 
of +1 degree centigrade from the best line. Linear regression was 
performed using the equation Y:mX+c. 
Table 2.5 	Temperature relationship, HW2 to screen dry bulb. 
Percentage 
X 	Y 	Number 	M. 	 C 	Correlation of points 
of points Coefficient within W?O 
limits 
HW2 	Screen 	6647 	0.970+0.003 0.007+0.02 	0.974 	93.6 
The gradient is close to 1 with a small offset. Figure 2.7a shows the 
graph of H'v2 dry bulb against screen dry bulb, showing the best line 
and the limits of +1 degree centigrade. The points with the largest 
deviation from the best line are due to solar heating of. the H2 
thermometer element during a period of very low windspeed. This effect 
is shown further in figures 2.7b and c where the differences between 
Hk2 and screen dry bulb temperatures are plotted against H2 windspeed 
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and solar radiation. (Solar radiation was measured by an Institute of 
Hydrology AWS also operating on the summit during the field study 
period.) These graphs show that HW2 is generally unaffected by solar 
radiation unless strong sunshine is accompanied by very low windspeeds 
(<2ms 1 ). As figure 2.7a shows, HW2 can over-read substantially in 
such circumstances i.e. up to 9 degrees centigrade in this case. 
2.3 CONCLUSIONS OF THE COMPARISON STUDY 
The windspeed section of this chapter has shown that an estimate of 
the windspeed at 10 metres can be obtained from the HW2 data to within 
the W0 limits for 86.5% of the time. If an estimate of a 2.5 minute 
mean or hourly mean windspeed at 10 metres is required, this figure 
rises to greater than 90%. Because of the large range of both 
windspeed and direction over the study period, we believe this to be a 
representative result, certainly for summer conditions. This result 
may change for winter conditions when the summit is snow covered, 
though probably not markedly. 
The wind direction data were not considered reliable enough for valid 
relationships to be found. 
As the best line gradient is close to 1 for temperature, it is 
probably not worth applying any calibration factor and to take the HW2 
temperature as read. This would lead to an error of +1 deg C at 
and an error of -1 deg C at -33.1°C. The range of temperatures 
recorded on Cairn Gorm by H2 to date, has been from -15 °C to C: 
an error of 0.5 deg C would be expected at these extremes. Care must 
be exercised during periods of low windspeed when H'2 can over-read. 
These occasions are infrequent and it is not difficult to identify 
them if a graph of temperature against time is plotted. 
The results of the field study have shown that standard 
meteorological quantities can be found from HW2 A'S data for the 
summit of Cairn Gorrt. The HW2 AWS is capable of operating in all 
weathers, thus enabling the collection all year round of a reliable 
data set of mountain weather parameters. 
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CHAPTER 3 Data processing. 
The aim of the data processing was to take the raw data from the HW2 
and Caerketton (CM) AWS and to process these to a form which would be 
suitable for archiving and which could be conveniently and efficiently 
accessed by further programs. The computer was chosen in preference to 
doing the processing by hand because of the large amounts of data 
involved and because the data from the stations were already recorded 
in a computer format. The aim was to combine the advantages of man and 
machine. The computer was used to do routine repetetive work, and to 
present the data as graphs and print-outs so that the human could 
identify and correct unreliable data. It would have been impractical 
to program the complex judgements necessary to correct the unreliable 
data into the computer. The problem fell into two distinct parts. The 
first was to get the data from the cassette tapes onto the computer at 
Edinburgh, and the second was processing the data thereafter. 
3.1 TRANSFER OF DATA TO COMPUTER. 
Although the data were recorded in a binary format on the cassette 
tapes, this format was non standard, and a specialised cassette reader 
had to be used to read the tapes. This could not be interfaced 
directly to the mainframe computer at Edinburgh and originally was 
interfaced to a mini-computer in the Physics Department at Heriot-Watt 
University. The problem then became one of transferring the data 
between the two computers. 
Transferring data between computers is something that the uninitiated 
feels must be simple and straight forward. This, unhappily, is far 
from the case, for it is often difficult. Hardware incompatibilities, 
non standard data formats, and lack of the appropriate software are 
the main problems. In our case, there were also equipment failures and 
our relative inexperience as programmers to add to the problems. In 
the end, transfer of the data on paper tape had to be used, with the 
inconveniencies this entailed. 
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This system was finally superseded when microcomputers became more 
generally available. The cassette reader was interfaced to an Apple II 
micro computer at Edinburgh and existing software was modified to 
allow the data to be transferred down to the mainframe computer. 
Another Apple 11 was used to receive the data from the radio link and 
to relay this by modem to the Glasgow Weather Centre, (who are 
responsible for forecasting for the Cairngorm area) and to the 
computer at Edinburgh if need be: the normal method of transfer of 
data to Edinburgh was on cassette tape. This system is convenient, 
fast and efficient. 
It is summarised in the block diagram below (fig 3.1) 
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Figure 3.1 Transfer of data. 
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3.2 DATA PROCESSING ON THE COMPUTER 
The processing of the data on the mainframe computer proved to be 
relatively straight forward by comparison. The following page is taken 
from "An Introduction to icrocomputers" by L. Levanthal, and details 
the stages in software development. 
Problem definition. This stage is the formal definition of the task. It 
includes the specification of inputs and outputs, processing requirements, system 
constraints (execution time, accuracy, response time), and error-handling methods. 
Program design. This stage is the design of a program to meet 'the 
requirements of the problem definition. Useful techniques include top-down de-
sign, structured programming, modular programming, and flowcharting. 
Coding (the actual programming). This stage is the translation of the 
program design into computer instructions. These instructions are the actual 
program or software product. 
Debugging. This stage is the discovery and correction of programming 
errors (sometimes called program verification). Few programs run correctly the first 
time, and so debugging is an important and time-consuming stage of software 
development. 	- 
Testing. This stage is the validation of the program. Testing ensures that 
the program correctly performs the required tasks. Important factors include the 
selection of test data and the development of testing methods. 
Documentation. This stage is the documentation of the program so that 
those who must use and maintain it can understand it and so that the program can 
be extended for further applications. Flowcharts, comments, and memory maps are 
among the widely used techniques here. 
Maintenance. This stage is the updating and correcting of the program to 
account for changing conditions or field experience. Proper testing and documenta-
tion should significantly reduce the frequency and extent of the required mainte-
nance. 
Extension and redesign. This stage is the extension of the program to solve 
tasks beyond those described in the initial problem definition. Obviously designers 
always want to take advantage of programs developed for previous tasks. Designers 
should not consider any task completely in isolation from those tasks that will 
occur subsequently. 
These stages should not be seen as occuring in isolation, but with 
many running concurrently, influencing each other. From a position of 
hindsight, it provides a useful vehicle through which to explain the 
data processing software and the factors which influenced its design. 
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3.2.1 PROBLEM DEFINITION 
The problem was to determine a suitable format in which to archive the 
data from the HW2 and CK automatic weather stations and to determine 
how to handle missing and unreliable data. The data processing 
software was also required to process data recorded on field 
calibrations which might have a different format and logging interval 
from the data obtained from the stations in their normal operating 
mode. This was not too stringent a requirement as the data would be 
recorded on the same logging equipment, the Microdata M200 logger 
system (described earlier). This provided the base standard for input 
data to the processing system. 
Table 3.1 shows several records of data from each of the stations when 
recording in their operational mode and gives details of each channel. 
This is the format of data that the processing software has to process 
regularly. The most convenient unit in which to archive the data was 
in a data file containing one year's data. Data from each station were 
kept in separate files. Each of these files may be considered to 
consist of a number of days data, each day containing a fixed number 
of fixed length records. The number of records per day is determined 
by the logging interval of the station. H2 records 148 records per day 
(30 minute logging interval), and CK records 288 records per day (5 
minute logging interval). 
As each AWS does not record the same data, and the format may change 
during field studies, it was not possible to determine a common format 
for the data within each record. It is convenient, however, to choose 
a common record length. This should be able to accornodate the data 
from each station, leaving space for data from sensors which might be 
added in the future, and allow commonly used ratios between variables 
in each record to be stored to avoid repeated calculation. A record 
length of 16 bytes met all of these requirements. The format of the 
data in each record in the final file was left as close to the 
original format as possible. Calculations which could be done once to 
simplify the format were carried out i.e. the windspeed is calculated 
by subracting the recorded value from the one in the previous log, and 
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Table 3.1 Data from H142 and CK in their normal operating mode 
Data from HW2. 
240 088 079 119 115 046 037 000 000 000 016 028 
240 117 088 118 115 068 037 000 000 000 016 058 
240 012 092 118 114 087 037 000 000 000 017 028 
240 036 091 119 115 105 037 000 000 000 017 058 
240 060 091 120 115 123 037 000 000 000 018 028 
Channel Variable Range Calibration 
Power supply monitor. 	238 - 242 As read. 1 
2 Maximum gust. 0 - 127 N'*O.8ms 
3 Relative Humidity. 0 - 100 As read. 
4 Temperature (screen two) 0 - 200 N*0.3_30 C 
5 Temperature (standard) 0 - 200 N*0.3_30 0C 
6 Mean windspeed (2.5 minute) 0 - 127 N'*O.Sms 1 
7 Wind direction. 0 - 100 N*6-120 0  
8,9 Unused. 
10 Day number from start of tape 0 - 127 As read. 
11 Hour ofday. 	(GMT) 0 - 23 As read. 
12 Minutes. 0 - 59 As read. 
Data from CK. 
239 025 039 000 095 056 000 008 124 
239 027 039 000 095 086 000 008 126 
239 025 039 000 095 116 012 008 000 
239 025 039 000 094 014 000 008 002 
239 026 039 000 094 038 000 008 004 
Channel Variable Range Calibration 
1 Power supply monitor. 238 - 242 As rëad._ 2 
2 Solar radiation. 0 - 200 N*8.2 Wm 	-2 
3 Net radiation. 0 - 200 (N_40)*5.3 Wm 
4 Wet bulb depression. 0 - 200 N*0.055 deg C 
5 Temperature. 0 - 200 N*0.25_15 0C 
6 Mean windspeed (5 minute) 0 - 127 N''0.33ms 
7 Wind direction. 0 - 90 N*4 0 
8 Rainfall. 0 - 124 N'/4*0.5rnm 
9 Time. 0 - 127 (See notes) 
Notes: The range is given in logger steps. 
N represents the value the logger recorded. 
N' is the value in the present log minus the value recorded 
in the last log. The variables of windspeed, gust and day 
number recorded by HW2 and of windspeed, rainfall and time 
recorded by CK, are stored as a sequential counter, modulo 
128 (ie is reset to 0 when it reaches 128). The time of a 
log by CK can be worked out from the value of the counter 
and the start time of the data tape, as it has a fixed logg-
ing interval of 5 minutes. 
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the wind direction is collapsed from its 600 degree range (0 to 100 in 
the raw data) down to a 360 range (0 to 59 in final file). Leaving the 
data in this form minimises storage space and ensures that there is no 
loss of accuracy. 
The record format allows for the time of each log to be recorded to 
the nearest second, as data were recorded at intervals of 2.5 minutes 
in August 1980, and at intervals of 30 seconds in the August 1979 
field study. As there are a large number of records per day, it would 
be inefficient to store the date in each record. It is better to store 
this in a header at the begining of each day. It is convenient to make 
thelength of the header the same as a data record (16 bytes). 
To keep the data files an integral number of days long, days with less 
than complete returns were padded out to the correct length - using 
dummy records. Dummy data were not substituted for days without any 
data to save storage space. This, however, means that the position of 
any particular day is dependant on how many days are missing up till 
then. It would be possible to search through the file until the 
required day was found, but this is inefficient. It is better to 
provide an. index at the start of the file, detailing which days are 
included, so that the processing software can work out an appropriate 
offset for that day from the start of the file. The length of the 
index is 256 bytes. The extra storage space used is outweighed by the 
increase in efficiency. Using the index, it is also possible to 
provide a summary of the data in each file, without having to search 
through the complete file. 
This was the format chosen for the PWS data and is summarised in 
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Figure 3.2 The file format forthe processed data. 
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The computer system at Edinburgh places a maximum size on any file. 
This limit is a length of 1,0 148,576 bytes, or 1 Megabyte. The maximum 
amount of data from each AWS would be returned in a leap year when 
there were no days of data missing. The length of the annual file in 
this case can be calculated as 
366'DYL+256 bytes 	where DYL = (NR+1)'16 
DYL denotes the length of one day's data including header in bytes 
NR is the number of records per day (148 for HW2, 288 for CK) 
16 is the record length. 
256 is the file index length. 
This gives a maximum file size for standard HW2 data of 287,200 bytes 
(0.3Mb). The same calculation for standard CK data reveals a length of 
1,692,6 140 bytes (1.6Mb). This is larger than the system allows and so 
must be divided into two files.The format chosen for storing the data 
makes this straight forward as the index at the begining of each file 
indicates which data are in each file to software accessing the files. 
In addition, hourly mean values were calculated, and stored in an 
annual file of the same format. (NR=2 14) 
Once the required format has been decided, it would be a straight 
forward task to transform the data if all the data were reliable. The 
greater the diversity of faults and the more random their :nature, the 
more flexible and robust the data processing software must be. This is 
particularly pertinent when the data are from a new type of AWS 
operating in perhaps the most severe weather conditions in the British 
Isles. The data from Caerketton were generally more reliable than the 
data from HW2. Faults which may occur are missing logs or channels, 
missing start of record markers, missing timing channels, instruments 
becoming unserviceable half way through a data tape, spurious logs, 
and data which when quality controlled looks unreliable. The last case 
includes temperature data when the windspeed falls below Srns' and 
windspeed data when there were periods of icing. 
The faulty data could be divided into three categories: data that were 
unreliable because they had come from a faulty instrument; data that 
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were missing; and data that were considered unreliable after quality 
control had been carried out. As the incorrect data would not be of 
any use to the end user, it was decided to use a system by which the 
faulty data were replaced by a marker. As the normal range for data is 
from 0 to 200, and the normal maximum expected would be 240, it was 
decided to use the values 254 to indicate data from a faulty 
instrument, 253 for missing data and 252 for data which was considered 
unreliable by the operator. These values would not be confused with 
reliable data. The assessment of unreliable data made by the operator 
is in some cases a subjective choice, and the use of the third marker 
clearly identifies this and differentiates it from the case of 
unreliable data due to a faulty sensor. 
3.2.2 PROGRAM DESIGN 
The task of processing the data was broken down into a series of 
smaller tasks which could be more easily managed. It was decided to 
archive only the original raw data and the data in its final format 
after processing, and not to archive any of the intermediate stages. A 
log of all the changes made to the raw data during processing was kept 
and archived along with the raw data. This would ease the task of 
reprocessing the raw data again if this was desired, and would allow 
future investigators to trace what had been done to any processed 
data. Where possible, the processing software automatically updated 
the processing log, but in some cases general routines already written 
by the computing centre were used, and the log had to be updated 
manually. 
The logical construction of the processing system is described here by 
using a flow chart (fig 3.3). Each stage in the flow chart corresponds 
to a separate stage in the data processing. The program was debugged, 
tested and modified as found necessary. 
Cn completion of the data processing, monthly summaries of the data 
were produced on a regular basis, for the HW2 data. One example of 
each of the monthly summaries for E2 and Caerketton is presented in 
appendix C. 
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START 
ENSURE ALL RECORDS ARE OF 
THE CORRECT LENGTH 
CHECK THE TIME INTERVAL BETWEEN 
RECORDS IS CONSTANT 
CORRECT TIMING ERRORS 
CONVERT TIME OF EACH RECOR 
TO THE STANDARD FORMAT 
CHECK DATA IS WITHIN THE 
REQUIRED RANGE 
CONVERT DATA TO STANDARD 
FORM 
PRODUCE STANDARD PRINTOUT OF 
RAW AND CALIBRATED DATA. 
PRODUCE STANDARD GRAPH OF DATA 
CARRY OUT STANDARD CHECKS ON DATA 
OPERATOR MARKS UNRELIABLE DATA 
WITH MARKERS (252) 
ADD DATA TO THE ANNUAL FILES 
AND PRODUCE MONTHLY SUMMARIES 
FINIS 
Figure 3.3 A flow chart detailing the logical design 
of the data Drocessing software. 
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CHAPTER 14 Data analysis 
The analysis presented here is of HW2 data; an analysis of the 
Caerketton data has not yet been carried out. A summary of the data 
collected by the HW2 AWE is given and the data are compared with 
lowland stations and upper air data. The HW2 AWE was not run 
continuously over the period from October 1978 to December 1982 
selected for analysis and some data were lost due to faults with the 
instruments. Tables 14.1a,b,c show the data coverage for each variable 
expressed as a percentage of the maximum data possible during each 
• month. In months where the station operated for only part of the time, 
the data amount is still expressed as a fraction of the complete 
month. In table 11.1a, the data amount for windspeed and the maximum 
gust are normally the same but where they differ the figure for gust 
• is shown to the left of that for windspeed. The number of years data 
coverage and the average data coverage are given. More effort was made 
to collect data during the winter months, while the summer was often 
used for station development and maintenance. No attempt has been made 
to calculate annual figures because of the uneven collection of data. 
There are only five years data in the months with the best coverage, 
whereas ten years is considered the normal minimum period over which a 
reliable estimate of climate can be gauged. Nevertheless, the data are 
sufficiently interesting, both in themselves and because of the lack 
of data from these heights, to be presented. 
14.1 WINDSPEED 
The H'2 AV, ,-: is the first weather station in the UK to measure 
windspeeds at' these heights (12 1'5m) reliably throughout the most 
severe rim-in conditions by anemometer. The windspeeds on Een Nevis 
were estimated by the observer on a scale akin to the Beaufort scale. 
The anemograph at the top of the chairlift on Cairn Corn at a height 
of 1100 metres has no anti-icing devices and so suffers from riming. 
Figure 14.1 shows the maximum, mean anc minimum 2.5 minute mean 
wiridspeeds. for each month. The frequency distribution of 2.5 minute 
mean windspeeds in each month 'is also shown. The left hanc edge of 
each bar in the histogram is taken as the axis and the width of each 









Table 4.1a Data coverage (%). 
	
J 	F 	M 
1978 	 - - - 
1979 	 - 	37 	5 
1950 83 	85 97 	30 98 
1951 	 53 	99 	91 
1982 	100 68 	100 85 Ill 
Noofyears 	3 	U 	3 
Mean 	79 68 60 	54 77 
Table U.lb Data coverage (%). 
J 	F 	M 
1975 	 - - - 
1979 	 - 	0 	0 
1980 	83 	97 	98 
1951 	 53 98 91 
1982 	65 	85 	Ui 
No of years 	3 3 	3 
Mean 	68 	93 77 
Windspeed and gust. 
A 	M 
79 	78 	57 59 
99 	77 	95 
99 	80 	76 
76 	60 	- 
Li 	Ii 	3 
88 	711 	77 
Wind direction. 
A 	M 	J 
0 	0 	0 
99 	77 	93 
99 	67 	21 
0 	58 - 
2 	3 	1 
99 	67 57 
J 	A S 0 N 0 
- - - 020 2098 56 
111 	71 - 116 87 68 
80 	57 43 95 89 80 
99 	96 100 68 99 100 
- - 5 23 62 69 81 	92 93 96 
2 	3 2 U 5 5 
611 	75 119 	55 69 75 93 811 
J 	A S 0 N 0 
- - - 20 77 0 
0 	0 - 8 87 88 
79 	55 211 56 88 80 
82 	96 100 68 99 100 
- - 23 69 92 66 
2 	2 2 Ii 5 5 
81 	75 119 55 89 83 
Table U.lc tata coverage M. 7enperature. 
.3 F P, A ii 
1978 - - - - - 
1979 - 53 53 69 52 
1980 87 82 87 50 60 
1981 79 97 79 85 73 
1982 89 914 55 75 iO 
No or years 3 14 II U 11 
Mean 85 81 69 77 56 
.3 	.3 A S 0 N 0 
- - - - 20 97 58 
72 	13 52 - Ui 92 86 
65 63 147 142 90 92 95 
83 	EU 71 88 88 91 80 
- - - 21 614 89 91 
3 	2 3 2 11 5 5 
73 	73 57 65 71 92 82 
i 	r 	Ii 	H 	Ii 	,j 	i 	i-i 	U 	I1 	u 
Figure 4.1 The mean, maximum and frequency distribution of 
2.5 minute mean windspeeds recorded by H142. 
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bar represents a frequency of 5%. The unit used to form the 
distribution was the basic digitising step of the data logger which is 
approximately 0.8ms . Table 4.2 presents the mean, the average 
maximum hourly mean, 2.5 minute mean, and gust, and their absolute 
maximum values recorded in each month. Referring to table Ll.la it can 
be seen that November and December have the longest run of data while 
July and September have the worst coverage. The values for September 
in particular are affected by lack of data. The distribution is unlike 
those in the other months and the mean windspeed looks higher than one 
would estimate from the annual cycle. In general, one would expect the 
lack of data to affect the reliability of the maximum values more than 
the means. 
November has the highest monthly mean windspeed with the minimum in 
June. It is possible that the minimum may occur in July as on Ben 
Nevis and that the July values are affected by lack of data. The 
highest mean monthly windspeeds were recorded in November in the years 
1978, 1979 and 1982, in December in 1980, and in February in 1981. The 
maximum mean monthly windspeed of 20.2 ms - 
I 
 was recorded in December 
1980 (see Chapter 5). ( First results for January 1983 - not included 
** 
in this analysis - indicate that it may have a higher monthly mean.) 
The maximum 2.5 minute mean and gust have occurred in December in the 
years 1978 to 1960, (the maximum gust was equalled in November 1980), 
while in 1982, they were recorded in October. The highest 2.5 minute 
mean windspeed of 55. 14ms 1  measured by HW2 so far, was recorded on 17 
January 1983. 
Strong winds are the dominant characteristic of the weather on Cairn 
Gorm. Tables 4.3a and b show the percentage of days when at least one 
2.5 minute mean or gust was measured exceeding 33, 4 0,50 or 60 knots. 
The windspeed thresholds are given in knots to be compatible with 
exlstir:g t'eteorological Office tables of this format. (lms' z1.94k.t) 
1:indspeeds exceeding 3kt,17.0ms 	are force 8 on the Eeaufort scale 
(gale force); exceeding 7kt,2.2ms 	are force 10 (storm force); and 
exceeding 63kt,32.5ms 	are force 12 (hurricane force). Only days with 
at least 75 0A of full data were used in the analysis. The number of 
days used are shown for each month. There is a marked annual 
** January 1983 had a monthly mean windspeed of 2.5ms 	(storm force) 
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max hourly 3.8 
Average 
max 2.5 	34.8 
Average 
max gust 	1114.8 
Absolute 
max hourly 35.4 
Absolute 
max 2.5 	37.0 
Absolute 
max gust 	47.5  
[ndspeed summary (r3-1 ). 
F 	II 	A 	11.  
	
16.0 114.3 11.9 	11.1 
36.7 	37.0 	33.1 	30.3 
38.3 	38.4 	311.2 	30.6 
45.8 	117.0 	140.0 	36.2 
142.7 	37.8 	37.8 	32.3 
44.3 	38.7 	38.7 33.0 
52.3 	51.5 	44.3 39.5 
J J A S 0 N C 
9.2 9.7 9.8 114.7 114.8 16.9 16.2 
26.3 25.5 28.5 33.9 35.1 36.7 112.5 
28.5 27.1 29.6 314.3 36.5 37.5 143.6 
314.6 33.9 36.2 43.5 44.9 147.3 597 
32.3 27.5 33.8 40.3 44.3 41.1 46.7 
32.3 29.1 39.6 141.1 45 	; 41.9 47.5 
91.1 37.0 92.7 49.1 51.5 511.0 66.0 
Table 11.3a Percentage of days with a 2.5 minute mean windspeed exceeding various levels. 
J F to, A M J J A S 0 •N D 
No of days 60 88 71 102 88 67 60 64 118 89 137 127 
>33 kt 71.7 79.5 77.5 52.0 52.3 314.3 35.0 45.3 77.1 71.9 78.1 76.14 
>140 kt 66.7 72.7 59.2 38.2 110.9 23.9 16.7 23.14 54.2 53.9 74.5 65.4 
>50 kt 141.7 140.9 35.2 15.7 15.9 6.0 1.7 9.4 29.2 32.6 117.14 47.2 
>60 kt 23.3 20.5 11.3 6.9 1.1 1.5 0.0 1.6 114.6 9.0 25.5 31.5 
Table 4.31b Percentage of. days with a gust exceeding various levels. 
J F li A to. .1 J A S 0 N 0 
No of days 71 89 50 1C2 68 65 60 611 142 78 110 125 
>33 	kt 80.3 88.8 86.0 66.7 62.5 53.8 66.3 62.5 90.5 83.3 91.8 83.2 
>40 kt 71.8 80.9 80.0 55.9 54.5 32.3 146.7 51.6 78.6 69.2 80.9 77.6 
>50 kt 60.6 62.9 58.0 32.14 38.6 214.6 15.0 26.6 59.5 50.0 67.3 64.0 
>60 kt 146.5 146.1 38.0 18.6 17.0 7.7 1.7 10.9 35.7 32.1 50.9 50.4 
Table 11.4a Percentage of hours with a 2.5 minute mean wlndspeed exceeding various levels. 
J F M A li .J J A 0 N C 
No of hours 1510 2156 17115 2536 2193 16116 11436 1668 1186 2214 3341 3103 
)33 kt 115.6 45.8 311.6 23.8 23.3 12.9 9.0 14.3 36.7 38.6 51.6 145.4 
>4C kt 3.2 32.1 23.5 .13.6 13.6 7.6 3.14 7.4 23.0 23.9 38.0 34.4 
>50 kt 13.6 12.9 8.2 11.2 2.3 0.7 0.3 1.4 9.1 8.11 114.7 16.2 
>60 kt 3.0 4.9 2.9 0.8 0.1 6.2 0.0 0.2 3.6 2.5 14.2 7.9 
Table 4.4b F-ercentage of hours with a gust exceeding various levels. 
J F M. A M J J A S. C N C 
N of 	rours 17117 L-167 12 143 25311 2189 1626 1436 1667 1052 1987 2662 3072 
>33 kt 56.7 60.4 54.9 35.8 33.9 23.6 24.1 28.2 57.0 53.6 80.9 57.1 
>110 kt 11.5 48.1 41.9 25.6 25.5 15.3 12.2 17.9 111.9 40.6 148.3 116.1 
>50 kt 29.0 29.0 29.9 10.7 10.8 6.0 2.8 6.7 19.9 20.5 28.6 32.3 
>66, 4<t 15.7 15.0 12.1 4.7 2.7 1.7 0.3 2.3 6.6 8.0 111.2 15.3 
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variation. Even in the least windy month, June, over a third of the 
days have a 2.5 minute mean windspeed of gale force or above and over 
half have a gust exceeding this value. These figures rise to 80% and 
90% in November. There are no days in July with a 2.5 minute mean 
windspeed over 60kt (2% for gust), though these figures are probably 
reduced because of the lack of data, while in December almost one 
third of the days (one half for gust) have a windspeed exceeding 60kt. 
Note that November has more days with windspeeds exceeding 33kt than 
December, but that December has a greater frequency of the highest 
wind speeds. - 
Tables 4.4a and b present the percentage of hours of data with a 2.5 
minute mean or gust exceeding the stated values. The number of hours 
of data are given for each month. These - tables approximately indicate 
the percentage of time with windspeeds exceeding these values. 
The windroses in Figures 4.2a and b show the relative frequencies of 
windspeeds of force 10 or greater, and for windspeeds of force 12. A 
force 10 wind may occur from any direction though the probability is 
much reduced in the north east quadrant. The windrose for force 12 
winds indicates that the highest winds come predominantly from the 
south east and the west to west north west. This is discussed further 
in chapter 5. - 
4.1.1 COMPARISON WITH LOWLAND STATIONS. 
Table 4.5 shows windspeed data from Dyce (Aberdeen airport) over the 
period, October 17E to December 1982, - along with the long term 
monthly mean windspeeds over the period 19Z41_1970. The ratio of HW2 
monthly mean windspeeds, maximum hourly windspeed (HW2 1 ) and maximum 
gust in each month to the corresponding values from tyce are presented 
in table 4.6. The absolute maximum value of the ratio for each month 
is also presented. There is an annual cycle in the ratio of the 
monthly m€-an winspceds, varying from just over 2 in summer to 
just over 	in winter. There seems to be no annual cycle in the ratios 
between maximum hourly windepeeds and between the 8maxrnim- gust 
recorded in each month. The same analysis was carried out using data 
- 37 - 
U 
Figure 4.2a Relative frequencies of windspeeds of force 10 or 
greater in 30 sectors. 
Figure 4.2b 
Relative frequencies of windspeeds of force 12 in 30 sectors. 
Table 4.5 6 ir, d2peed sumrary for Dyce (m5 1 ) 
J F A h 
Lone term 
1.9 5.2 5.6 4•7 e.6 
fean 4.3 4 .9 5.3 4.6 4.1 
frx1mum 
orly 14.9 17.0 17.5 17.5 12.9 
23.2 26.9 29.4 25.8 21.1 
Table 	4.6 Ratio H21Eyce wind$peed3. 
J F A 
Average 
tear, 3.4 3.2 2.9 2.6 2.6 
a xi z um 
mean 4.5 3.5 3.2 .O 3•Q 
Average 
hourly 2.5 2.6 2.7 2.3 2.7 Max imu 	- 
hourly 2.7 3.3 3.3 2.8 3.0 Average 
gust 2.1 2.1 2.1 1.8 2.0 
haximum 
gust 2.3 2.11 2.11 2.0 2. 
J J A 0 t. 0 
11.2 . 	 11.3 4.2 4.11 11.7 4.5 5.0 
11.2 4.2 3.7 14.7 5.4 5i4 5.3 
11.3 12.11 1 15.5 15.5 20.6 15.0 
19,1 16.0 25.3 25.3 211.7 33.5 28.5 
J J A. S C N 0 
2.1 2.3 2.7 3.1 2.7 3.1 3.1 
2.11 2.6 2.9 3.14 3.6 7,44 3,14 
2.6 2.1 2.11 2.5 2.5 2.2 2.5 
2.8 2.2 2.6 2.8 2.9 2.6 3.5 
2.0 1.9 1.9 1.9 1.9 1.7 2.2 
2.4 2.1 2.0 2.2 2.1 1.9 2.8 
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from Tiree. The ratios found were lower because of the higher 
windspeeds at Tiree but it was difficult to discern any annual cycle 
in the ratio of monthly means. The results from Dyce are presented 
here because Dyce more accurately reflects the conditions of the 
lowlands surrounding Cairn Gorm. The maximum ratio between monthly 
mean windspeeds of 14.5 was in January 1982. The maximum value for the 
ratios of hourly windspeeds and gust were in December 1978, when HW2 
recorded its highest windspeeds. 
11.1.2 COMPARISON WITH BEN NEVIS. 
Wind speed data for Ben Nevis from 1895 to 190 14 were abstracted from 
figures 8 and 9 in Part II of the Glasgow School of Art planning 
report on skiing develoments on Aonach Mor. (Thom 19714). The 
windspeeds on Ben Nevis were estimated by the observer on the Ben 
Nevis scale, 1 to 12, which is like the Beaufort scale but covers a 
greater range to take account of the higher windspeeds experienced. 
During the summer months, and in the winter when there was no icing, 
an anemometer was used to calibrate the Ben Nevis scale in miles per 
hour. Table 14.7  shows the range of mean windspeeds and the average and 
absolute maximum winds recorded on Ben Nevis during the above period. 
Table 14.8 gives the same data recorded so far on Cairn Gorr.. The mean 
monthly windspeeds at Ben Nevis are about a factor of two less than 
those recorded on Cairn Gorm. One would assume that the windspeeds on 
Pen Nevis might be the same or higher than Cairn Corn as Pen Nevis is 
higher (114rn) and fully exposed to the westerly winds. The maximum 
winds recorded on Ben Nevis are comparable to those on Cairn Corn. The 
difference is due to the topography of the summit of Ben Nevis where 
there is a 550 metre cliff immediately to 
the)irection
rth of the position of 
the observatory buildings which aff€ctc 	all winds from directions 
other that the south east. Only from this 	did windspeeds 
exceed 3ms 	. On one occasion, the wips were estimated by te 
observers to reach 76ms1 . 	( Ref 11) 
14.1.3 COMPARISON WITH UPPER AIR DATA. 
A comparison was made with data from the radio sonde stations of 
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Shanwell and Stornoway for 1980 only, as the data had to be typed into 
the computer by hand from the Daily Aerological Record. A much better 
agreement would be expected with upper air windspeeds than with the 
data from Dyce. 
Table 14.9 shows the mean monthly windspeeds for Shanwell at 850mb and 
900 metres and from the summit of Cairn Gorm. Table 14.10 shows the 
mean, maximum, minimum and standard deviation of the height of the 
850mb surfaces at Shanwell and Stornoway for each month in 1980. 
Averaged over the year, flW2 recorded windspeeds were about 20% higher 
than the winds recorded at 850mb by Shanwell and were 26% higher than 
the 900 metre windspeeds. The. corresponding values were 114% and 17% 
for - the comparison with Stornoway. (Note that in the months of 
January, July and September at Shanwell, the 900 metre windspeed was 
higher than at 850mb.) This may be compared with the general finding 
by Wahl (Barry p53) for summit stations in Europe of 	Vm=2.1+O.5Vams - 
where Vm is the mountain summit windspeed and Va is the windspeed in 
the free atmosphere at the same height. This may be contrasted with 
the results for Mount Washington, where a ratio of 1.14 in summer, and 
1.8 in winter, was found between the mountain summit winds and the 
free atmosphere. Further data would need to be analysed before any 
annual cycle in the ratio with the free atmosphere for Cairn Corm , 
could be determined. It is clear from the above comparison that the 
windspeed regime of mountain summits in the UK are very different from 
those in continental Europe and have more in common with Mount 
ashing.ton. 
P mean windspeed of lEns' 	was recorded over the winter period 
(Dec,Jan,Feb) by HW2, with a summer (Jun,Jul,Aug) mean of 9.6rs 1 
This may be compared with an annual mean of 7rns 	from Sonnblick, 
Austria (310Cm), while Mount Washington, New Hampshire (1915m) has a 
-1  
mean speed of 23ms 	in winter, and 12mm 
-1
in summer. 
Linear regression was also performed on the data using the equation 
irr.X, where X was Shanwell and Y was HW2. Table 4.11 shows the results 
for relating Shanwell 80mb and 900 metre windspeeds to those recorded 
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Table 11.7 ben Nevis windapeed summary (m3 1 ). (1895-19014). 
J F M A M J J A S 0 N D 
Minimum 
mean 5.9 11.1 5.2 14.8 11.3 4.0 2.8 3.7 5.2 14.7 5.6 6.11 
Mean 7.8 7.5 7.0 6.7 5.3 4 • 5 11.5 14.8 6.0 7.2 7.3 7.9 Maximum 
mean 9.5 8.5 9.3 9.2 7.0 5.9 5.11 5.9 8.6 8.9 11.2 9.44 Average 
maximum 36.6 35.0 31.11 30.9 23.7 214.7 22.7 25.3 25.8 32.5 32.5 38.7 
Absolute 
maxlmus 116.9 1114.3 116.14 119.0 30.11 37.1 35.6 35.1 111.7 146.9 146.9 146.9 
Table 14.8 Range of mean monthly wlndspeeds for HW2 (ms -1 ) 
J F N A M J J A S  0 N D Minimum 
mean 12.9 13.7 13.6 9.5 8.7 6.8 9.1 9.1 13.8 13.3 111.7 1 3.6 
Mean 15.8 16.0 114.3 11.9 11.1 9.2 9.7 9.8 111.7 111.8 16.9 16.2 Maximum 
mean 17.1 18.3 15.8 1 3.6 13.2 11.1 10.5 11.5 111.9 17.5 19.1 20.2 
Table 14.9 Monthly mean windspeeds (ms-1) for Shanwell 650mb and 900 
metres, and HW2, and their ratios. 
SN 850mb RATIO HW2 RATIO SM 900 metres 
Jar 9.3 1.33 12.44 1.29 9.6 
Feb 10.3 1.314 13.8 1.447 9.44 
Mar 9.9 1.115 111.41 1.50 9.6 
Apr 9.7 1.31 12.7 1.118 8.6 
May 8.11 1.26 10.6 1.33 8.0 
Jun 8.5 1.12 9.5 1.22 7.6 
Jul 7.8 1.111 8.9 1.09 8.2 
Aug 10.1 1.20 12.1 1.27 9.5 
Sep 1 3.2 1.15 15.2 1.114 13.3 
Oct 1 3.0 1.12 111.6 1.17 12.5 
Nov 114.8 - 0.99 14.7 1.044 114.2 
Dec 19.3 1.05 20.3 1.10 18. 14 
Table 11.10 	Minimum, mean and maximum heights 	(metres) and 	standard 
deviation of the 850mb surface at Shanwelj 	and Stornoway. 
Shanwell Stornoway 
Xin Mean Max SD Nin Mean . 	 Max Sr 
Jan 1111 1396 1649 131 1159 1391 1622 125 
Feb 1236 1 1426 1588 93 1227 11406 1581 87 
Mar 1105 1376 15244 98 1099 V'714 1553 101 
Apr 128 14 11196 1622 614 12142 11486 1606 69 
May 1353 1507 1614 69 13 14 0 15014 1605 69 
Jun 1266 14415 1',53 71 1193 11401, 1506 77 
Jul 1325 1437 15044 143 1322 11427 1506 147 
Aug 1324 11459 1531 51 113 14141 155 55 
5ec. hiS, 11475 1563 51 1352 14.30 1 530 514 
Oct 1072 1360 15143 101 10142 1365 15214 100 
Nov 11147 11421 16414 122 1171 11417 1632 137 
Dec 1063 1376 16114 109 1069 162 15147 101 
lable 14.11 	Tne gradient (m) and regression coefficient (r) of linear 
regression, 	YrmX, H2 to Shanwell 	850mb and 900 metres. 
XSh 650mb XrSH 900 metres 
m r m r 
Jar 1.22 0.666 1.19 0.679 
Fb 1.29 0.7142 1.39 0.719 
Mar 1.35 0.681 1.38 
Apr 1.26 0.807 1.445 0.817 
Pay 1.26 0.763 1.31 0.7714 
Jun 1.07 0.61414 1.10 0.77 14 
Jul 1.06 0.687 1.02 3.878 
Aug 1.114 0.8611 1.25 
Sep 1.09 0.683 1.10 0.551 
Oct 	. 1.05 0.7514 1.08 0.7140 
Nov 0.93 0.616 0.97 0.650 
0cc 1.02 0.802 1.06 0.7146 
Tr,e 	standard error in the gradient varied from 	0.021. 	to 0.053 
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by HW2. The same analysis was carried out with data from Stornoway, 
and the results were similar but with a slightly worse correlation 
coefficient. It was interesting to note that the correlation 
coefficients were better between Shanwell and HW2 and Stornoway and 
HW2 than between Sharmell and Stornoway. The gradient was close to 
unity between Shanwell and Stornoway. A regression was done using the 
equation YzmX+c but it was felt that the equation Yrnx gave a better 
estimate of the highest windspeeds. 
14.2 TEMPERATURE 
Figure 14.3  and table 14.12 give a summary of the temperature data 
recorded by HW2, in the same format as for windspeed. The distribution 
is given in steps of 0.3 0C. Again the September valuesdo not fit the 
annual pattern. The mean and the minimum would both appear to be 
affected. The highest temperatures are reached in the spring and are 
associated with sunny anticyclonic conditions, though the maximum 
monthly mean is not recorded until August. Even though temperatures 
were not used in the analysis when windspeeds fell below 5ms 1 , some 
question still remains as. to whether these data are affected by solar 
radiation. The AWS is a black cylinder and is sited over the dark felt 
roof of the hut., and this may elevate temperatures over surrounding 
air temperature. The lowest temperature of -15.3 0 C was recorded in 
February 1979 in polar continental air. February 1979 also had the 
lowest monthly mean temperature of -9.2t but this is based on only 17 
days data, over which the cold spell persisted. During the rest of the 
month the synoptic situation reverted to the more normal westerly 
flow, which would have increased the mean temperature. The minimum 
mean monthly temperature in 190 was recorded in both January and 
arch. In 1981, it was recorded in December, and in 1982 in harch. 
Curing this period there was the severe winter of 1981-82. The maximum 
mean monthly temperature occured in June in 1979, and in AuEust in 
1980 and 81. Data were not available for the summer of 1982 because 
the station was taken to Feriot-Watt for refurbishing.. The monthly 
mean data from the P.WS were compared with data from Dyce and Tiree 
over the same period but the relationships found were too v&riable to 
be of any use. It was interesting to note that only in December 1981 
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Figure 4.3 The mean, minimum, maximum and frequency 
distribution of temperatures recorded by HW2. 
Table 4.12 h2 temperature 3un.Itary. (°C) 
J 	F 	N 	A 	F. 	J 	J 	A 	S 	0 	N 	0 
Absolute 
rn1rmum, 	-11.7 	-15.3 	_11.4 	-6.1 	_8.11 	-2. V 	-1.5 	-1.5 	-0.6 	-7.2 	-9.6 	-10.5 
Avurae 
minim 	-11.11 	-10.7 	-10.3 	-7.9 	-7.5 	-0.6 	-0.5 	-0.5 	0.11 	_11.3 	-8.5. 	-9.7 
Nen 	-2.7 	_4.3 	-3.6 	-0.11 	2.6 	44.9 	44.9 	5.6 	5.1 	0.9 	-0.6 	-2.9 
Ave 
maxirum 	7.44 	3.0 	3.3 	6.9 	13.6 	15.8 	12.8 	111.3 	12.1 	7.3 	8.2 	5.2 
Absolute 
maxiut. 	10.5 	3.9 	9.9 	15.3 	18.0 	16.6 	13.2 	15.0 	13.5 	9.0 	10.8 	8.44 
I L I 
I 
U 	I'4 	U 
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and January 1982 was the Dyce absolute monthly minimum temperature 
lower than that recorded by HW2. 
11.2.1 COMPARISON WITH UPPER AIR DATA. 
Table 14• 13 shows the mean monthly temperature at 850mb for Shanwell 
and Stornoway and the mean monthly temperatures recorded by HW2 in 
1980. Temperature data are only taken on the 00 and 1200hrs radio 
sonde ascents and corresponding hourly mean values of temperature from 
HW2 were used. The average heights of the 850mb level at Shanwell and 
Stornoway for each month in 190 are shown in table 14.10. 
The temperatures recorded by HW2 are closer to the values from 
Shanwell than Stornoway. Only in February is the temperature recorded 
by HW2 lower than the 850mb value and only in May and July is the mean 
monthly temperature greater than 1 deg C higher than the free 
atmosphere value.This indidates the influence of sunshine raising the 
mountain top temperature. The average height of the 850mb surface is 
1430metres, 185 metres higher than the summit of Cairn Gorm. Assuming 
a lapse rate of 6. deg C per 1000 metres, one would expect the summit 
of Cairn Gorm to be 1.1 deg C warmer than the 850mb level. This may be 
offset to some extent by uplift of air from lower levels over the 
summit assuming that it cools at a faster rate that the environmental 
lapse rate. 
Linear regression was performed on the data using the equation YmX+c. 
Table 14.114 shows the relationships found between Shanwell and Hk2, 
Stornoway and HW2, and Shanwell and Stornoway. The value of c varies 
cyclicaly through the year but there seems to be no annual variation 
in the gradient which varies from 0.5 to 0.9. The correlation is best 
between Shanwell and H2. The mean gradient is about 0.7 between 
Shanwell and H2, and between Stornoway and H2. From this one would 
expect the gradient between Shanwell and Stornoway to be 1. It is also 
around 0.7, resulting frcm the correlation nofficients being, less than 
1. It is difficult to know if the values of the gradients between the 
upper air data and h'.2 are a consequence of the less than perfect 
ccrre}ation or due to the influence of the mountain. 
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Table 4. 13 Xean monthly temperatures (PC) for Shanvell and Stornoway 
650mb, and Hl2, and their differences (cci C). 
58 	HW2-5H 	H2 	H2-5T 	ST 
J -, . n 	 -4.€ (.3 -.3 0. 
Feb -2.1 	-0.9 -1.2 	0.0 	-3.1 
Fur 	 -5.' 0.8 	-.6 0.2 
Apr -0.9 	0.0 -0.9 	1.2 	-2.3 
Fay 	 2.7 1.6 	 1.6 2.7 
Jun 4.7 	0.8 5.5 	1.7 
Jul 	 3.1 1.3 	4.4 1.6 	2.6 
Aug 5.5 	0.6 6.1 	1.4 4.5 
Sep 	 5.9 0.6 	6.5 2. 
Get 0.1 	0.7 0.6 	1.7 	-0.9 
Nov 	 -1.7 0.6 	-1.1 0.5 -1.7 
Dec -2.3 	0.6 -1.7 	1.3 	-3.0 
Table 4.14 The grediert (m), Intercept (c) ar.d correlation coefficient (r) of 
linear regression YrmX+e, for temperature. 
H.2 on Shunwell 	 }i2 on Stornoway 	 Stornoway on Shanwell 
Jan 	0.51 	-2.0 	0.672 	0.58 	-1.6 	C.643 	0.61 	-1.7 	0.688 
Feb 0.73 	-1.5 0.856 0.78 	-0.7 0.67 0.77 	-1.3 0.806 
Mar 	0.72 	-0.8 	0.879 	0.66 	-1.5 	0.735 	0.66 	-1.2 	0.725 
Apr 0. -0.4 0.722 0.60 0.4 0.785 0.62 	-1.4 0.616 
Fay 	0.83 	2.1 	0.793 	.0.76 	2.3 	6.757 	0.89 0.5 	0.854 
Jun 0.71 2.2 0.600 0.79 2.5 C.726 0.76 	0.2 0.862 
Jul 	0.70 	2.3 	0.905 	0.61 	2.8 	0.716 	0.61 0.8 	0.707 
Aug 0.66 1.4 0.86 0.72 2.7 0.755 0.67 	-0.3 0.876 
• 	Sep 	0.73 	2.1 	0.836 	0.70 	3.5 	0.789 	0.77 _0. 14 	0.791 
Oct 0.51 0.7 0.830 0.52 1.2 C.775 0.78 	-0.9 0.809 
Nov 	0.62 	0.0 	0.857 	0.56 	0.2 	0.716 	0.59 6.6 	0.623 
Deo 0.75 C.1 0.927 0.75 0.6 6.852 C.77 	-1.3 0.630 
The Standard error of the gradients varied from 0.0141 to 0.117. 
Th atunaurd crier of the intercepts vuriec from 0.175 to 0.7146. 
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4.3 DAILY TEMPERATURE RANGE 
Figure 14•14 shows the mean, maximum and minimum daily range for each 
month, and table 14.15 gives a summary. The daily temperature range is 
taken in the period 00 to 21400 hrs. The monthly mean daily ranges all 
fall within 14.3+0.8 deg C and show good agreement with the daily range 
found for summits as a function of latitude. (Fig 14.5). The maximum 
daily range of 114.14 deg C occured on the 23 November 1981 when warm 
tropical air (+5.7 ° C) was replaced by a cold northerly outbreak 
(-8.7°.C). The daily range is larger in the spring and winter than in 
late summer and autumn. The daily range is due to air mass changes in 
the winter and to a mixture of solar heating and synoptic effects in 
the spring. 
An analysis of mean monthly diurnal patterns showed that there was a 
significant variation in temperature only during the months March to 
August with the largest amplitude of 3 to 14 deg C in May and June. No 
diurnal variations were found in windspeed. 
Cairn Gorm has a value of 14.3 for Conrad's Continentality Index which 
indicates the degree of oceanity/continentality. The index is computed 
using the equation I:(1.7A/sin(L+10))-14 where A is the annual range 
of mean monthly temperature in centigrade (9.0 for' HW2) and L is the 
latitude angle (570  for H2). Conrad's Index varies from. 1.3 for Cape 
Wrath to 12.5 for Heathrow airport. 
14.14 WINDCHILL 
.indchil1 is an estimate of the loss of heat from the body due to the 
combination of wind and temperature. The most widely known index was 
derived by Siple and Fasel from work carried out in Antartica on the 
freezing of cylinders of water. This simulated the freezing of exposed 
flesh. This index has drawbacks when =-Plied to the more normal 
situation of the clothed hiliwalker, and at high windspe€ds :here the 
wincchill levels off. A more realistic model derived by Steadrnan was 
used to calculate windchill from the Hv2 data. This is based on a 
model of a clothed person walking (mph) over level terrain. 
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Figure 4.4 The minimum, mean, and maximum daily temperature 
range recorded by HW2. 
Table 	4.15 Laily ranEe of temperature (dee C) 	recorded by H2. 
J F 	M A ?- J J A S 0 N 0 
Absolute 
rnlnlsurn 1.5 1.5 	0.9 1.2 1.5 0.9 1.2 1.5 1.2 1.2 0.6 0.6 
A vera e 
minurnun 1.9 1.5 	1.6 1.9 2.3 1.6 1.5 i.e 1.8 1.5 1.4 1.11 
ean 4.7 3.7 	4.4 4.8 5.1 4.4 3.9 4.7 4.1 3.5 4.5 4.2 
Average 
xirnum 10.0 8.1 	9.2 e.3 7.3 10.2 5.1 8.9 7.1 7.3 11.0 8.9 
Absolute 
maximum 10.5 10.2 	11.4 10.8 9.0 12.6 9.6 11.7 7.8 E.4 14. 12.3 
Latitude 
Figure 4.5 Mean daily temperature range versus a number of 
high valley and summit stations (Barry, p22) and H42. 
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Table 14.16 gives the mean monthly and extreme values of windchill 
recorded by H2 based on 2.5 minute mean windspeeds. Figure 14.6 shows 
the minimum, mean, maximum and distribution of windchill values found 
for HW2 and table 14.17 gives a description of the sensations felt at 
various levels of windchill. (Smithson and Baldwin, 1979) The 
distribution is divided into 20rn 2 bands and the width of each bar in 
the histogram represents a frequency of 5. 
From figure 14.6 it can be seen that the minimum value of windchill is 
almost independent of the time of year while there is a marked annual 
cycle in the monthly mean windchill values and an even greater 
variation in the maximum value. The maximum 2.5 minute mean windchill 
of 3 1417Wm 2 was recorded in December. Using the criteria in table 
14.17, the months from November to March are bitterly cold, while the 
summer months (Jun,Jul,Aug) are still very cool. The model used does 
not take into account the effect of solar radiation. This would reduce 
the windchill values in the spring and summer but would not affect the 
winter values, when there is very little sunshine. Only in May and 
June did the minimum windchill recorded enter the pleasant class. The 
coldest monthly mean for Ben Nevis found by Smithson and. Baldwin was 
in January with a windchill of 1300Wm 2 though as we have seen from 
section 14.1.2 the summit of Ben Nevis is not fully exposed to the 
winds. A maximum hourly mean windchill of 3930WnT2 was found for Ben 
Nevis in January. 
Windchill is only one index relevant to survival in the mountains. 
Other factors which must be considered are the damp, wet conditions 
which reduce the insulation values of cicthin, and strong winds and 
deep snow which cause fatigue. 




















Figure 4.6 The minimum, mean, maximum and frequency 
distribution of windchill recorded by HW2. 
Table 4.16 kindohill summary (W 2 ) 
Absolute 	 L. 
minimum 456 	633 	496 	336 	264 	251 	388 	362 	321 	407 	369 	373 Average 
minimum 	555 	679 	618 	505 	413 	349 	405 	383 	424 	509 	506 	574 
Mean 	1406 	1542 	1396 	1174 1024 	874 	868 	283 	1029 	1217 	1407 	1495 
Avre 
xigtum 	2580 	2227 	2595 	2212 2079 	1250 	152 14 	17 4 9 	2011 	226e 	263 14 	3105 Absolute 
maximum. 	2756 	3178 	22447 	21450 2353 	1968 	1622 19442 	2272 	2547 	3125 	3417 
Table 4.17 Sensations associated with levels of windchjll 
( 	210 Warm 
210 - 335 Pleasant 
3;5 - 	£70 Cool 
£70 - 940 Very cool 
9140 - 	1150 Cold 
1150 - 1 360 Very cold 
- 	1675 Eltterly coic 
> 	1675 Exposed 	flesh freezes. 
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CHAPTER 5 Some case studies. 
The cases studied so far have been mostly of high windspeed events, 
though some other cases are discussed in "August weather on a mountain 
summit" published in Weather, August 1982. (Included in appendix D.) 
One case of temperature fluctations is described briefly, but no 
detailed analysis has been attempted because of lack of upper air 
data. The Daily Aerological Record, the most convenient source, ceased 
to be published after 1980, and it was not possible to obtain upper 
air data before this thesis was submitted. 
5.1 TEMPERATURE FLUCTUATIONS ON 13 JANUARY 1982 
Figure 5.1 shows the data recorded by the HW2 AWS on the 13 January 
1982. The synoptic situation at 1200hrs is shown in figure 5.2, and 
shows an area of high pressure extending from Germany over the UK with 
wave developments growing on a trailing cold front to the north west 
of Cairn Gorm. During this period there were two temperature screens 
recording on the HW2 AWS, as a new screen was being tested. The 
temperatures recorded by both screens followed each other closely, and 
as they were recording independently of each other, the temperature 
fluctuations recorded. must be real and not due to a faulty sensor. On 
a close inspection of the data, the changes in windspeed and wind 
direction are well correlated with the changes in temperature, which 
are about 4 deg C in amplitude. Only the maximum 3 second gust was 
measured by the station as there was a fault with the electronics 
circuit which recorded the 2.5 minute mean windspeed. 
These fluctuations are most probably caused by a temperature inversion 
oscillating up and down past the summit of Cairn Gorm. A case occurred 
in August 1980 when there was a sharp drop in humidity as a subsidence 
inversion descended to below the level of the summit, but this was in 
a situation when there were very light winds, and we would not expect 
the turbulence produced by air flow over the summit to cause mixing of 
the inversion layer with the cooler air below, effectively stopping 
the inversion from descending. Cm the 1 January 192, windsçeeds were 
in excess of 20ms 1  , a situation in which one would expect turbulent 













Figure 5.1. The wind direction, maximum gust, and temp-
eratures from two screens recorded by HW2 on 13 Jan 1982. 
mixing to prevent the descent of the inversion layer. Clearly some 
other mechanism must be at work here, indicating some dynamic effect, 
perhaps a travelling wave, in the inversion layer. 
5.2 HIGH WINDSPEED EVENTS 
There are two basic mechanisms which effect the air flow over 
mountains. The vertical compression of the air flow causes 
acceleration, while frictional effects cause retardation. In the case 
of Cairn Gorm, which lies at the end of the tracks of the depressions, 
the stable layers associated with fronts enhance the compression 
effect by providing a "lid" just above the summit of the mountain. The 
air below the frontal surface, which may have neutral stability or may 
be potentially unstable, is constrained to flow between the summit of 
Cairn Gorm and the stable frontal surface, much as through a venturi, 
producing the enhanced windspeeds and on occasions some very large 
maximum gusts. 
The influence of fronts is most clearly seen by the data recorded by 
HW2 on the 10 December 1978, (fig 5.3) when a narrow warm sector 
crossed Cairn Gorm in a strong southerly air flow. (fig 5.14) Two peaks 
in windspeed are evident: one just ahead of the warm front, with a 
sharp drop once the AWS enters the warm sector, and a smaller peak 
after the cold front. The high windspeeds occur under the stable 
layers of the frontal surfaces, while in the warm sector where there 
is no "lid", windspeeds are reduced. The wind vane was not working 
during this period, so it was not possible to analyse the changes in 
wind direction. 
In chapter 14, the direction of 2.5 minute mean windspeeds greater than 
32.5ms is shown in figure 14.2b. This shows that there are two 
preferred directions: in the sector from 135 to 195 degrees, and in 
the sector from 255 to 315 degrees. To try to understand this 
distribution, notes were made on the synoptic situation when a 2.5 
minute mean windspeed exceeded 32.5ms during the period from October 
197E to April 1982. During this period there were 71 distinct 
occasions. Most of the peak winds were associated with fronts crossing 


















Figure 5.3 The maximum gust, windspeed, and temperature 
recorded by H42 on the 10 December 1978. (Temperatures 
are not considered reliable at windspeeds less than 5ms' 
7 
s. 
Figure 5.4 The synoptic situation at 1200hrs (ThIT on 
the 10 December 1978. 
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Cairn Gorm when a strong horizontal pressure gradient existed. On a 
few occasions, such as the 6 February 1981, the strong winds seem to 
be associated with the gradient alone, and the fronts did not have any 
effect. On some occasions, (20 September 1981) the peak winds occur a 
few hour.s after the passage of a cold front and are associated with 
the strong pressure gradient around a deep low pressure area which is 
passing along the north coast of Scotland. 
On most occasions, peak winds occurred just ahead of a temperature 
rise associated with a warm front or an occlusion, or just after a 
temperature drop at a cold front or occlusion. An example of the 
latter case is described in appendix D, on the 19/20 August 1980. On a 
few occasions at the passage of cold fronts, the peak winds occurred 
some way ahead of the temperature drop and are associated with a 
slight temperature rise ahead of the cold front. This was the case on 
the 29 December 1980. On these occasions,' the cold fronts are most 
probably ana-cold fronts (Sansom 1951) and the peak windspeeds 'may be 
associated with a low level jet ahead of the front. (James and 
Browning 1979). On another occasion on the 2 March 1980, though 
-1 windspeeds. did not exceed 32.5ms , there as a steady rise of' 4. deg C 
as the cold front approaches, which is paralleled by a steady rise in 
windspeed, with a sharp drop in both temperature and windspeed at the 
frontal passage. 
The highest mean monthly windspeed of 20ms was recorded in December 
1980, during which there were several occasions with •2.5 minute mean 
windspeeds exceeding 2.5ms 1 . During most of the month there was an 
area of high pressure to the west of Ireland with depressions 
travelling round its north east flank arrdF'ssing the UK from north 
west to south east. The position of the high pressure may have three 
effects: it increases the horizontal pressure gradient; the subsidence 
inversion it produces helpso put a "lid" over the mountain summit; 
and . the deflection of the,,Aet stream associated with the high pressure 
area may cause development of the depressions. In this situation, the 
high windspeeds came pre/dominantly from the directions between 255 and 
315 degrees. 
Windspeeds in excess of 32.5ms' wer.e most commonly associated with 
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occlusions (about one third of the cases) and with one particular 
synoptic situation in particular. In these cases there was an area of 
high pressure extending from Scandinavia to central Europe with an 
area of low pressure to the west of Ireland, with occlusions lying 
north/south over Ireland, making slow progress eastwards. Peak 
windspeeds were attained in the south east air stream just ahead of 
the occlusion.(cf fig 14.2b). It was during this situation that HW2 
recorded its highest windspeeds on the 6/7 December 1978. 
5.2.1 WINDSPEEDS ON 6 AND 7 DECEMBER 1978 
Figure 5.5 a,b,c show the synoptic situation over the 6/7 December 
1978 and figure 5.6 and table 5.1 show the data recorded by HW2. Note 
that windspeed data are missing from 18:31 hrs on the 7th when the 
high winds must have caused a.fault (possibly vibration or water?) in 
the connector to the anemometer. Readings began again on the 9 
December without l any human intervention. Figure 5.6 shows that a peak 
- 
gust of 60. 14rns 	on the 6 December was associated with a sharp 
temperature drop and that the peak 2.5 minute mean windspeed was 
associated with a slight temperature rise at 19:31 though there was no 
large gust. At 10:01 hrs on the 6th there was a significant drop in 
both the 2.5 minute mean windspeed and gust of about 9rns . There is a 
sharp drop in windspeed at 00hrs on the 7th when the temperature 
readings level off and an increase again as they fall. The peak winds 
on the 7th occur three hours before the temperature rise which begins 
at 1€:00hrs. A peak gust of 66ms 1 and two 2.5 minute means of 
146.7ms-1 were recorded. The daily mean windspeed was 31.1ms -1 on the 
6th and 40.6ms' on the 7th. Figure 5.7 shows a temperature cross 
section through the frontal surface on 7 December and figure 5.8 shows 
the windspeed and temperature profiles recorded by the 12:00hrs radio 
ascent from Shanwell. The windspeeds recorded on the summit are about 
twice those recorded by the radio sonde. 
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Appendix A 	Iiindspeed relationships between H92 and 4 Metres, 2 metres and IN. 
August 	1980 
10/4n and 	10/2m 	indicate 	the 	4 metre and 2 Metre anemometer on the 10 Metre mast. 
414n and 	4/2i, 	indicate 	the 	4 	Metre 	and .2 Metre anemometer on the 	4 netre Mast. 
HU2(2sin) 	to Y(2 min) HW2(2nin) 	to Y(l0nin) H112' to 	Y(hourly) 
Percentage Percentage Percentage 
Number 	 of points Number 	 of points Number of points 
Y of points 	Gradient 	within UPIO of points 	Gradient 	within UNO of points Gradient 	within WhO 
units limits units 
10/4M 1642 	0.938±0.001 	91.6 411 	0.940±0.002 	86.9 69 0.934±0.007 	91.3 
4/4n 6322 0.942±0.001 92.1 1581 0.944j0.002 90.3 264 0.94110.005 92.0 
10/2., 6322 	0.7620.001 	92.2 1581 	0.765j0.002 	90.1 264 0.760±0.004 	92.8 
412n 3730 0.78510.001 94.5 933 0.787*0.002 92.4 156 0.78440.005 93.6 
IH - 	- 	- 1000 	0.820*0.003 	84.9 16? 0.817±0.006 	89.3 
August 	1979 
Data were recorded at 4 Metres and 2 Metres on a portable Mast for three different positions of the mast 
around the hut. 	No 	10 Metre data were recorded, so it was not possible to apply the WhO units 
HU2(2nin) 	toY(2 	Mm) HU2(2nin) 	to 	Y(10Min) HU2' to Y(hourly) 
Mast Number Number Number 
pocn Y 	of points 	Gradient of points 	Gradient of points Gradient 
• 	 North 4n 	1200 	0.913j0.002 300 	0.915±0.005 50 0.916±0.005 
• posn 2m 1200 0.796j0.001 300 0.800j0.004 50 0.798±0.005 
West 4m 	792 	0.917±0.002 198 	0.909j0.005 33 0.915*0.007 
posn 2., 792 0.795±0.002 198 4.789±8.005 33 0.7?3jO.007 
East 4m 	360 	1.11410.004 90 	1.12510.009 IS I.116t0.01I 
posn 2n 360 0.907±0.004 90 0.91610.008 IS 0.9I0jO.009 
Note 	that the 	results 	from 	the mast 	East position are different from the other two positions. 
During this 	period 	the 	wind 	direction 	was 355 degrees 	(recorded by the IH AUS) 	Ind 
it 	is believed 	that 	the 	HW2 AUS was being sheltered by the summit 
z 
'—I 
APPENDIX B Further investigation of points outside Wt0 windspeed 
limits 
This appendix attempts to identify if the points that fall outside the 
WMO windspeed limits (chapter 2) are attributable to the influence of 
summit topography. This should show up if the points outside the 
limits are plotted against wind direction. 5ue to the limited period 
of the field study only a limited set of synoptic situations were 
encountered and it is difficult to generalise from the results below 
and give any quantitative answers. Cne is not sure whether it was the 
particular event that gave rise to the effect or whether it is indeed 
a general attribute of the site which will manifest itself in all 
situations. In this analysis, the 10 metre anemometer was used as the 
standard instrument. It is assumed that it is high enough above the 
summit not to be affected by local alterations to the flow and that 
any effects measured are due solely to the variation of the flow 
around HW2. The HW2 AWS is situated on top of a hut, 2 metres high, 
which is not at quite the highest point on the mountain. We might 
expect acceleration of the flow to be caused by the hut, and 
sheltering of the RW2 AWS to be caused by flow separation induced by 
the topography of the summit. The procedure followed was to relate HW2 
10 minute mean windspeeds to 10 metre 10 minute mean windspeeds and to 
investigate further the points which fell outside the limits. Ten 
minute means were chosen because this is the standard averaging period 
for a windspeed and using these one could be fairly confident that one 
was measuring a real effect and not the natural variability of the 
wind. In fact the results were almost identical if one used 2.5 minute 
windspeeds for the analysis. 
Linear regression was performed using the formula Y:mX, where YP2 
and XziO metres. The best fit gradient found was 0.95E+0.002 with a 
correlation coefficient of 0.99. Cf the total of 152 points, 6.7 
percent fell outside the WM01 windspeed limits. 
The occurrence of points that fell outside the limits are plotted 
against time in figure' E(1) and fall into four periods as indicated by 
the different symbols. These symbols are used to identify points from 
these periods in figures E(2) and E(3). In (2) and E(3), 'the quantity 
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Delta ( A ) is plotted against the 10 metre wind direction (10 minute 
mean) and the 10 metre windspeed. Delta is the difference between an 
actual HW2 windspeed at time "t" and its estimate from the 
corresponding 10 metre value i.e. (t)Hw2(t)-0.958 (10metres(t)). If 
Delta is negative this implies sheltering of the HW2 AWS and if Delta 
is positive it implies that HW2 is in a region of accelerated flow. 
From figure E(B) it can be seen that most of the points fall within 
the windspeed range, 15 to 30ms' and that no points fall outside the 
limits below 10ms. At windspeeds above 30ms there was not enough 
data for a representive sample and so it is not known if the lack of 
points ouside the limits in this region is just due to lack of data. 
From figure B(2) it can be seen that the points are clustered around 
four distinct wind directions. Three of the directions are associated 
with sheltering of the HW2 AWS and the other one indicates 
acceleration. Sheltering of the AWS is most likely to be caused by 
flow seperation induced by the summit topography and the accelerated 
flow to be due to the influence of the hut on the air flow. • The most 
pronounced sheltering takes place around 300 degrees; the station is 
directly down wind of the highest point of the summit in this case. 
Results from the August 1979 study , shown in appendix A, also support 
this. A much larger effort than has been carried out so far would be 
needed to understand these complex effects fully. 
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APPENDIX C Examples of the monthly summaries produced 
for the data from HW2 and Caerketton. 
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HERIOT WATT M.2 AUTOMATIC WEATHER STATION; MONTHLY SUMMARY 
DESCRIPTION OF STATION 
The Herjot-Watt automatic weather station (HW2 AWE) is sited on the summit of Cairn 6am 
(1245m 57W 3W) and has been operating since March 1977. 	The AWS is a heated cylinder from which 
the meteorological sensors are exposed for 3 minutes every half hour. 	This combats the severe 
miming conditions common at the summit for much of the year. The AUS is placed on a gantry above 
the mountain rescue radio-relay hut. The sensor platform is 4 metres above ground level in its 
deployed position. Variables recorded by the station are 9 2- minute mean windspeed, the maximum 
gust within that 2- minutes, wind direction (a 30 second smoothing constant is used), and a spot 
reading of temp _erature taken Just before the station closes. 	Uindspeed values are digitized in 
steps of C.Bms-1, wind direction in 6' bands, and temperature in steps of 0.3 deg C. 
CALIBRATION 
In a field exercise carried out in August 1980, the data from the station were compared with 
conventially exposed instruments at standard heights. The H92 windspeed (2.5 minute mean) was 
found to relate to the 10 metre windspeed (10 minute mean) by the regression equation, 
V(100s1.043 V(HU2) with a correlation coefficient of O.M. The wind directions, HU2 to 10m, 
were related by an equation of the form DD(1O)tBD(HU2)+Asin(DD(HU2))+BCO5(DD(HU2)), where 
037.87 and B3.55. The temperature recorded by K92 agreed well with that recorded in a standard 
screen, except in cases of low windspeed when H92 could overread quite substantially. This is 
due to the design of the H92 thermometer screen, which is currently being redesigned to negate 
this effect. Temperatures are not considered reliable at windspeeds below 5ms-1 and are not used 
in compiling monthly statistics. 
A full report on the field calibration may be obtained on request. 
DESCRIPTION OF THE MONTHLY SUMMARY. 
Each monthly summary consists of four pages. 
PAGE 1 	This page shows the frequency distributions of 2- minute mean windspeeds and maximum 
gust, a wind rose and a table of monthly statistics. 	In each, the data used in compiling the 
graphs and table are expressed as a percentage of the maximum possible (48 times number of days 
in the month), and is shown in the box at the top right corner. 	All calculated frequencies are 
based on data accepted. after quality control constituting IOOX. On the wlndspeed distributions, 
the solid curve and the left hand axis indicate the frequency distribution; the dashed curve used 
with the right hand axis gives the percentage of data with windspeeds above the X-axis value. In 
the windrose, the length of an arrow (measured from the point, not the centre of the circle) 
indicates the frequency of winds blowing from a 30' sector. The arrow is further subdivided 
according to the frequency of each windspeed class from that direction, and shaded accordingly. 
The windspeed classes are given in the Beaufort scale. 	The frequency of forces 0 and 1 (winds 
calm, light and variable), is shown in the centre of the wind rose. 	The classes and their 









2 2-3 2.5- 5.0 
3 4-5 5.8- 10.7 
4 6-7 1i.5-i7.1 
5 8-9 17.9-24.3 
6 >= 10 >. 25.1 
PAGE 2) This shows tabulated daily values for the month concerened. 	The page is divided into 
two sections. - The top section gives the daily maximum, mean and minumun for each of temperature, 
vindspeed and gust factor; for maximum gust the mean and minimum are omitted. The amount of data 
Is shown under NPTS and is 48 for complete data. 	It will be less than 48 for temperature and 
gust factor when the windspeed falls below 5mg-1. 	The gust factor is the ratio of the maximum 
gust to the 2- minute mean in which it was recorded. It is not evaluated when the windspeed 
falls below 5ms-1 as this leads to misleadingly large values. 	Other Intermittent factors resul% 
in data loss i.e. changing data cassettes, faulty instruments, etc. 
The bottom half of the page gives the daily windspeed and wind direction distributions divided 
into 12 classes, namely 
CLASS UIWDSPEED (MS-1) 
1 0.0 - 4.9 
2 5.0 - 9.9 
3 10.0- 14.9 
n (n-1)*5 	-. n'S 
12 . 	 >z 55.0 
WIND DIRECTION (DEGREES) 
346 - 15 
16 - 45 
46 - 75 
(n-1)*30-14 -_ 01-1 )s30+15 
316 - 345 
PAGES 3 1 4) These show a time plot of hourly data for the month. 	The variables plotted are 
wind directlon,temperature, maximum gust and windspeed. The hourly values of wind 
direction,temperature and windspeed are the mean of two suocesive recorded values and are centred 
at 30 minutes past each hour. The plotted gust is the higher of the two recorded values in the 
hour. The first 16 day; are on page 3, the remainder on page 4. 
Wind direction is shown as a- direction arrow. (The feather has no significance in terms 
of force of wind.) 	 - 
Temperature is plotted as a dashed line and is measuredagainst the inside scale in aC. 
The upper solid line gives the maximum gust, the lower line the windspeed. Both use 
the outside scale, which is in metres per second. 
An annul summary on an Identical format to page one of the monthly summary is also compiled. 
More detailed data and information may be obtained on request from 
THE DEPARTMENT OF METEOROLOGY, EDINBURGH UNIVERSITY, 
JAMES CLERK MAXWELL BUILDING, THE KINGS BUILDINGS, EDINBURGH. 
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DATA RMDJ4T - 	 94.97 
MONTHLY MEAN - 	 -1.9 
MINIMUM - 	 -8.4 
MAXIMUM - 	 4.8 
AVERAGE 
DAILY MINIMUM - 	 -4.0 
AVERAGE 
DAILY MAXIMUM - 	 0.4 
VINDS'EM 5UMMY/MS 
MONTHLY MEAN - 	 20.2 
MAXIMUM 
WINDSPEED - 	 41.1 
MAXIMUM GUST - 	 55.4 
a.. 	... 	 -V 
Scale or F.c. 
1i 	 lb 
Sool. or Fr.qusnoy 
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Ii 	 IJ 	 IILI 
t4fJS MIN 
ITUW 
MEAN 'MAX MEI&IN MEAN NAL 
I 48 -3.0 0.6 3.3 49 21.1 29.3 37.0 48 - - 40.3 40 I. *0 1.24 1.40 
2 40 -3.7 -4.2 -3.0 0 - - - 0 - - - 0 - - - 
3 40 -6.3 -3.2 -2.7 0 - - - 0 - - - 0 - - - 
4 48 -4.2 -2.7 0.3 0 - - - 0 - - - 0 - - - 
5 48 -3.1 -2.2 0.9 0 - - - 0 - - - 0 - - - 
6 48-7.3-6.3-4.3 0 - - - 0 - - - 0 - - - 
1 19 -6.6 -5,9 -4.8 0 - - - 0 - - - 0 - - - 
8 48 -3.1 -2.0 0.6 46 19.5 21.9 29.1 46 - - 35.4 . 46 1.12 1.30 1.52 
9 48 0.6 I. 	I 2.1 40 17.1 23.9 40.3 48 - - 31.9 40 1.18 1.34 1.69 
*0 40 1.8 3.0 4.8 40 13.5 22.4 30.7 40 - - 39.7 40 1.16 *38 1.70 
II T 40 0.0 1.1 2* N 40 13.3 20.1 29.1 N 	48 - - 36.2 0 48 1.14 1.20 1.60 
12 E 48 0.6 2.3 3.6 1 40 12.3 19.6 27.5 A 	48 - - 33.4 U 40 III 1.34 *69 
*3 II 48 -2.7 0.4 2.1 N 40 5.0 *6.9 77.5 K 	48 - - 34.6 8 48 1. 07 *32 *63 
*4 P 46 -4.5 -2.6 -0,3 0 40 4.2 *7.4 27.5 I 	48 - - 32.3 T 47 1.06 *22 1.50 
IS E 48 -4.0 -3.3 -3.0 8 48 
8.3 
13.3 21.9 N 	48 - - 23. I 40 1.07 1.27 1.77 
*6 1* 45 -4.8 -1.6 3.0 P 37 9 1 *6.4 23.5 U 	37 - - 30.7 F 31 *06 1.27 1.93 
*7 A 40 -5.7 -1.6 4.2 E 48 *6.3 22.7 36.2 H 	40 - - 41.1 .A 40 1.13 1.32 *50 
*0 1 48 -6.6 -5.0 -16 E 48 7.5 *7. * 23. * 48 - - 33.8 C 40 1.08 1.27 1.68 
*9 U 35 -7.5 -3.4 -2.4 0 40 0.8 13.8 33.8 0 	40 - - 40.3 1 33 I. *3 *23 1.36 
20 0 32 -3.9 -3.3 -2 7 40 0.0 1.2 *5.5 U 	40 - - *7. I . 0 33 1.00 1.06 1.43 
2* E 30 -3.9 -2.3 0.3 49 1.1 9.0 23.9 8 	48 - - 79.1 , 9 40 1.00 1.30 1.60 
22 40 -2.1 -0.3 24 48 0.3 21.5 33.0 1 	48 - - 48.3 48 1.13 1.31 'I. 7* 
23 48 -3.3 -0.7 4.2 48 10.7 23.9 39.5 48 - - 49. * 40 I. 	13 1.31 I. 37 
24 49 -4.7 -2.2 3.0 40 9.1 *7.0 74.3 48 - - 29.9 48 1.10 1.23 1.92 
25 49 -6.0 -4.6 -13 40 *7.3 *7.3 72.1 48 - - 29.1 40 1.10 1.28 *41 
26 40 -6.9 -6.2 -3.4 48 9.9 15.4 70.3 48 - - 23. I ' 48 1.10 1.23 1.56 
27 43 -3.7 -2.0 1 7 48 2.5 *6.5 33.8 40 - - 46.7 45 *00 1.30 1.67 
20 48 -0.9 0.9 2.4 40 *8.6 20.7 36.7 40 - - '49.1 48 1.14 1.3* 1.56 
29 48 -0.3 1.3 3.0 40 21.1 29.7 41.1 48 - - 56.4 , 40 1.17 1.29 1.56 
30 40 -1.8 2.0 3.6 48 17.1 28.7 37.0 48 - - 49.9 40 I. *6 1.29 I. 37 
3* 40 -0.4 -3.0 -1.5 48 21.9 28.8 37.0 48 - - 49.1 40 1.14 *28 1.52 
IE M'tB I 2 5 	6 7 8 9 	*0 11 *2LU 1_ 2_ 3 4_3 _6 _7 _8 _9_ 10_I1 _1J1 
I 40 00 0 	0 63025*0 0 	0 0 0 0 0 0 0 	0 0 2 0*34042 440 
2 0 0 0 0 	0 0 	0 0 0 0 	0 0 0 0 0 0 0 	0 0 0 0 0 0 	0 0 0 
3 0 0 0 0 	0 0 	0 0 0 0 	0 0 0 0 0 00 0 0 0 0 0 0 	0 0 0 
4 0 0 0 0 	0 0 	0 0 0 0 	0 0 0 0 0 0 0 	0 0 0 0 0 0 	0 0 0 
3 0 0 0 0 	0 00 0 0 0 	0 0 0 0.0 0 0 	0 0 0 0 0 00 0 0 
6 0 0 0 0 	0 00 0 0 0 	0 0 0 0 0 0 0 	0 0 0 0 0 0 	0 0 0 
1 0 0 0 0 	0 0 	0 0 0 0 	0 0 0 	N U 	0 0 0 0 	0 0 0 0 0 0 	0 0 0 
8 46 0 0 0265024 0 0 0 	0 0 0 	8 0 	0 0 0 0 	0 0 2 2 669*9 240 
9 40 0 0 0 	*7 42 	13 17 *0 2 	0 0 0 	P I 	0 0 0 0 	0 0 2 2 25 63 	8 0 40 
*0 40 0 0 0 	29 40 	29 2 0 0 	0 0 0 	0 0 	0 0 0 0 	0 0 0 0*573*0 048 
II 48 0 0 0 	54 40 	6 0 0 0 	0 0 0 N 	0 0 0 0 	0 0 0 0 0 44 	56 0 40 
*2 48 0 0 *0 	42 30 	*0 0 0 0 	0 0 0 0 0 0 0 	0 0 2 29 46 23 	0 0 40 
*3 40 0 2* I? 	*9 42 	2 0 0 0 	0 0 0 	0 0 	0 0 0 0 	0 0 0 *0 *3 2* 	36 0 40 
*4 40 2 13 23 	23 27 	*0 0 0 0 . 	0 0 0 	1 I 	4 0 0 0 	4 27 2 0 6 *9 	2* *7 48 
IS 40 0*33340*5 0 0 0 0 	0 0 0 	8 . 	8 	0 0 0 0 	0 0 0 0 0 0405740 
*6 37 0 II 24 	49 *6 	0 0 0 0 	0 0 0 	T T 	0 0 0 0 	0 0 0 5 51 0 38 8 37 
Il 40 0 0 027402* 2 2 0 	0 0 09. 9 	0 000 0 0 0 2284324 246 
*0 48 0 *3 25 	23 33 	2 0 0 0 	0 0 0 	1 * 	0 0 0 0 	0 0 0 0 0 39 	20 4* 46 
*9 48 27 8 IS 	*5 6 	*9 *0 0 0 	0 0 0 	8 8 	0 0 0 0 	2 2 73 6 2 2 	8 2 48 
20 403*4223 2 0 	0 0 0 0 	0 0 0 	U U 	4 2 2 030 2 0 0 0 0*53040 
2* 48*74627 8 2 	0 0 0 0 	0.0 0 	T 1 	0 0 0 0 	4*9*3 02*23*0 048 
22 40 0 2 6 	27 42 	*9 4 0 0 	0 0 0 	1 . 	1 	0 0 0 0 	0 0 0 0 0 42 	50 0 48 
23 40 0 0 2*94225 0 4 0 	0 0 0 	0 0 	0 0 0 0 	0 0 2 23* 2738 040 
24 40 0 6 2* 	54 19 	0 0 0 0 	0 0 0 	N N 	0 0 0 0 	0 0 0 2 *3 40 	46 0 40 
23. 40 0 023567* 0 0 0 0 	0 0 0 0 0 0 0 	0 0 0 2*03352 040 
76 40 0 23836 40 0 0 0 	0 0 0 0 0 00 0 0 00 0 6 	67 27 48 
27 40 , 6 3* IS 	*7 2 	*5 IS 0 0 	0 0 0 0 0 0 0 	0 .0 0 2 2 2* 	40 33 40 
20 40 0 0 0 	2*05421 6 0 	0 0 0 0 0 0 0 	0 0 0 0 24050 040 
79 48 0 0 0 	0 *9 	30 27 15 2 	0 0 0 0 0 0 0 	0 0 2 0 *7 56 	25 0 49 
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CAERKETTON AUTOMATIC WEATHER STATION, MONTHLY SUMMARY 
DESCRIPTION OF STATION 
The Caerketton automatic weather station (AWS) is a standard Institute of Hydrology station, 
operated by the Meteorology Department at Edinburgh University. The station is sited on the summit of 
Caerketton hill (453m 56W 3W) at the north end of the Pentland hills, just south of Edinburgh. The 
S hill is the middle peak on a scarp-faced ridge and one would expect the airflow to be determined more 
by the complete ridge than the summit itself.. The station has been operating continously since larch 
1979 and records the following variables - a five Minute mean windspeed; rainfall; and spot readings 
of wind direction, dry bulb temperature, wet bulb depression, net and solar radiation. 	Data are 
logged every five Minutes onto cassette tape. 	Windspeed is. digitised in steps of 0.33 Ms--I, wind 
direction in 4 degree bands, temperature in intervals of 0.25Cand wet bulb depression in units of 
8.055C. 
DESCRIPTION OF THE MONTHLY SUMMARY 
Each Monthly summary consists of four pages. 
PAGE 1) This page shows the uindspeed distribution, a wind rose, and a table of Monthly statistics. 
The data returns used in compiling the graphs and table are expressed as a percentage of the maximum 
possible for that Month and shown in the boxes in the top right hand corner of the graphs. Maximum 
possible data returns = 288 * No. of days in Month. All calculations are based on actual data returns 
constituting 1001. On the windspeed frequency distribution the lower curve and left hand '(-axis 
indicate the frequency distribution; the upper curve and the right hand '(-axis can be used to find the 
percentage of time with windspeeds above a given X-axis value. In the windrose, the length of an 
arrow (Measured from its point, not the centre of the circle) indicates the frequency of winds blowing 
from that 30 degree sector. 	The arrow is further subdivided according to the frequency of each 
vindspeed class from that direction and shaded accordingly. 	The windspeed classes are given in the 
Beaufort scale. 	The frequency of forces 0 and 1 (winds calm or light and variable), is shown in the 
centre of the wind rose. The classes and their equivalents in Metres per second are 
CLASS BEAUFORT SCALE METRES PER SECOND 
I 0 	- 	I 0.0 - 	 17 
2 2-3 2.5- 5.0 
3 4 - 5 5.8 - 	 10.7 
4 6 - 7 11.5 - 	 17.1 
5 8 - 9 17.9 - 24.3 
6 >= 	10 )= 25.1 
PAGE 2) This shows tabulated daily values for the Month. The page is divided into two sections. The 
top section gives the daily maximum, Mean and MiI1UMUM for each of temperature, windspeed and relative 
humidity. The fourth column gives the daily totals of solar and net radiation in watts per square 
Metre, and rainfall in millimetres. The solar and net radiation are-given in scientific notation, the 
symbol '0' indicating 'raised to It to the power of'. The number of points should be 288 for full 
data returns. Data loss may be due to changing data cassettes, faulty instruments, etc. The bottom 
half of the page gives the daily windspeed and wind direction distributions divided into 12 classes. 
The classes are 
CLASS UINDSPtED (MS-1) IHDDIRECTION TUEGREtS) 
1 0.0 	- 2.4 346 - 	15 
2 2.5 	- 4.9 16 - 	45 
3 5.0 	- 7.4 46 - 	75 
n •(n-1)*2.5 	- n2.5 (n-1)*30-14 	- 	(n-I 1*30+15 
12 )= 27.5 316 - 345 
PAGES 3 & 4) These show a time plot of hourly averaged data for the Month. The hourly average is the 
Mean of twelve readings. The first 16 days are on page 3, the remainder on page 4. The variables 
plotted are wind direction, temperature, windspeed, solar and net radiation, and rainfall. 
Wind direction is shown as a direction arrow. (The feather only has significance in helping 
to differentiate between easterlies and westerlies.) 
Temperatures are plotted as dashed lines and are Measured against the inside scale in 
degrees Centigrade. The upper line, is bry bulb, the lower, wet bulb. 
The upper solid line gives the uindspeed and is Measured against the outside scale in Metres 
per second. 
The lower solid line is solar radiation and the accompanying dashed line is net radiation. 
Both are Measured against the right hand scale between days 142 etc, in Watts per sq. Metre. 
Rainfall is indicated by vertical lines draw from the bottom line of each day and are 
Measured in millimetres on the left hand scale adjacent to the solar scale. 
More detailed data and information May be obtained on request from 
THE DEPARTMENT OF METEOROLOGY, EDINBURGH UNIVERSITY, JAMES CLERK MAXWELL BUILDING, 
THE KINGS BUILDINGS, EDINBURGH. 
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TEMPERATURE SUMMARY/GC  
DATA AMOUNT 100. 07. 
MONTHLY PIERN = 	3.3 
MINIMUM = 	-3.7 
MAXIMUM = 	10.2 
AVERAGE 
DAILY MINIMUM = 	1.1 
AVERAGE 
DAILY MAXIMUM 5.9 
WINDSPEED SUMMARY/MS -1  
MONTHLY MEAN = 	11.4 
MAXIMUM 
VINOSPEED = 	30.0 
WIND ROSE 
I ioo.o 
CAERKETTON. MONTHLY SUMMARY, NOVEMBER 1981 
WINOSPEED DISTRIBUTION 
	
20 	• 	• 	• 	• 	100-1 
I ioo.ozI 
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288 4.5 6.8 10.2 
280 2.7 4.7 7.2 
200 3.5 7.3 9.2 
288 2.5 4.2 6. 5 
2811 0.2 2.8 5.7 
280 0.2 2.5 5.0 
280 1.0 2,7 4.7 
288 1.7 3.3 4.7 
288 4.2 5.1 5.7 
288 5.2 6.8 7.5 
T 280 4.0 6.2 7.7 
£2118 0.7 2.7 5.2 
M208 1.0 2.7 4.5 
P288 2.2 4.1 5.2 
E288 1.7 3,4 4.2 
11 288 0.5 1.7 15 
A 288 -0.5 3.7 5.7 
T208 -0.5 0.7 3.5 
U 288. -0.5 1.3 3.0 
11288 0.5 3.3 7.5 
£ 288 1.7 4.9 9.2 
288 8.0 8.7 9.5 
288 -2.7 2.9 10.0 
288 -3.7 -2.2 -0.5 
288 -3.0 0.1 3.7 
288 3.7 6.5 8.2 
208 -0.7 2.1 8.0 
288 -2.2 -0.1 2.0 
288 -1.7 -0.5 2.5 
288. -1.0 1.9 7.2 
ION 	(IIJNIIILY SOrII1#iN'Y NUVMUN 111 
NPS M  MEAN MAX NPTS MIN MEAN MAX 
280 9.0 14.3 20.3 288 65 95 100 
280 6.7 10.1 14.3 288 72 89 100 
288 8.7 15.6 24.7 288 83 95 100 
288 &7 13.4 18.3 288 67 82 	95 
287 0.3 6.0 11.0 288 70 01 	92 
288 0.0 2.0 6.0 288 65 80 	89 
288 0.0 3.5 6.7 288 43 69 	83 
288 0.0 5.6 11.7 R 288 51 82 	97 
288 9.0 13.3 '19.7 £ 288 82 94 	98 
288 12.0 17.1 23.3 L 288 96 98 	99 
W 288 2.0 9.5 19.3 A 288 90 97 100 
1 288 6.3 10.3 16.0 1 288 61 86 100 
N 288 7.3 12.2 16.7 I 288 69 83 	94 
0 288 4.7 8.6 13.0 V 288 75 94 	99 
S 208 3.3 10.2 20.7 E 288 75 87 	98 
P 288 5.7 8.8 15.7 288 74 87 	98 
E 288 8.0 15.5 '20.7 H 288 79 89 100 
E 288 5.7 10.1 14.3 U 288 75 91 	99 
0 287 5.7 10.6 14.7 M 288 85 93 100 
280 7.3 17.6 30.0 I 288 67 90 100 
288 7.3 12.7 19.3 D 288 78 95 100 
288 13.7 17.6 22.3 I 288 78 94 100 
288 9.7 17.9 27.7 1 288 57 85 100 
288 10.0 14.7 23.0 V 288 84 95 100 
288 3.7 8.8 14.0 288 90 100 100 
208 10.0 15.0 18.7 288 94 99 100 
288 10.3 13.9 19.0 289 79 92 100 
288 4.3 12.3 19.3 . 	288 58 82 100 
288 3.7 8.2 15.3 288 61 80 100 
288 2.3 7.7 13.7 288 91 99 100 
SOLAR NET RAIN 
3.98Q 3 -2.820 3 9.0 
9.829 3 -2.269 3 0.0 
3.78e 3 -2.51t 3 3.0 
1.739 4 -5.729 3 0.5 
1.729 4 -6.619 3 0.0 
1.179 4 -2.899 3 0.0 
8.309 3 -3.619 3 0.0 
7.189 3 -1.279 3 0.0 
3.119 3 -1.299 3 1.5 
2.319 2 -2.16e 3 1.5 
D 8.699 3 1.249 3 2.0 
A 1.369 4 -4.189 3 0.5 
I 	1.139 4 -4.449 3 0.0 
L 5.799 3 -9.629 2 0.0 
V 1.599 3 -3.10t 3 2.5 
1.089 4 -5.319 3 0.0 
T 9.63e 3 -2..50e 3 2.5 
0 1.049 4 -6.739 3 0.0 
T 7.47e 3 -5.100 3 0.0 
A 4.85a 3 -3.57e 3 0.0 
L 3.459 3 -1.359 3 0.0 
8 6.039 3 -5.609 2 0.0 
3.060 3 -8.07e 3 0.0 
1.119 4 -7.629 3 0.0 
5.422 3 -3.99e 3 0.0 
7.999 2 -1.959 3 0.0. 
7.44e 3 -5.790 3 0.0 
3.67e 3 -7.85e 3 0.0 
4.089 3 -4.679 3 0.0 
4.209 2 -3.309 3 0.0 
tAPTS 	1 	2 6 7 8 9 10 11 12 CLASS 1 _2 _3 _4 _3 _6 _7 _8 _9_ 10_ 11 12P4PT8 
288 0 0 0 2 35 24 15 21 2 0 0 0 0 0 0 0 0 0 0 27 73 0 
_
0 0288 
208 0 0 8 40 36 16 0 0 0 0 0 0 0 0 0 0 0 0 0 8 92 0 0 0288 
288 0 0 0 3 15 28 25 20 8 2 0 0 0 0 0 0' 0 0 0 75 24 0 0 0288 
288 0 0 2 9 29 28 26 7 0 0 0 0 0 0 0 0 0 0 0 10 90 0 0 0288 
287 4 29 38 24 5 0 0 00 0 0 0 ' 7 1 0 0 224 6 059 0 0 0288 
2087318 8 0 0 0 0 0 0 0 0 0 ' 0 0 0 0 0 2 890 0 0 0 0288 
288 26 50 24 0 0 0 0 0 0 0 0 0 W W 0 0 0 0 0 0 6 94 0 0 0 0288 
208 21 17 27 28 7 0 0 0 0 0 0 0 8 0 0 0 0 0 0 0 2 97 1 0 0 0288 
288 0 0 0 3 45 31 10 10 0 0 0 0 P I 0 0 0 0 0 0 096 4 0 0 0288 
288 0 0 0 0 1 15 43 28 12 1 0 0 0 11 0 0 0 '0 0 0 0 88 12 0 0 0288 
280 120 5 24 32 3 6 8 0 0 0 0 N 3 2 3 1 2 3 2 36 46 0 0 0288 
2118 0 0 6 30 57 6 2 0 0 0 0 0 0 0 0' 0 0 0 0 2 98 0 0 0288 
2118 0 0 0 13 40 40 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0100 0 0 0288 
288 0 0 27 50 23 '1 0 0 0 0 0 0 1 I 0 0 0. 0 0 0 0 2 98 0 0 0288 
288 0 5 19 29 24 10 5 6 2 0 0 0 8 8 0 0 0 0 0 0 2 17 82 0 0 0288 
200 0 0204821 3 0.0 0 0 0 0 1 T 0 0 0 0 0 0 0 10 90 0 0 0288 
208 0 0 0 2 8274218 2 0 0 0 11 11 0 0 0 0 0 0 0 594 0 0 0288 
288 0 0 5 37 51 7 0 0 0 0 0 0 I 1 0 0 0 0 0 0 0 0100 0 0 0280 
207 0 0 8 25 56 11 0 0 0 0 0 0 B B 0 0 0 0 0 0' 0 12 88 0 0 0288 
288 0 0 0 1 15 14 21 20 12 10 5 2 U U 0 0 0 0 0 0 0 7 93 0 0 0288 
288 0 0 0 25 34 623 13 '0 0 0 0 1 1 0 0 0 0 0 0 0 5 95 0 0 0288 
288 0 0 0 0 0 7 46 30 18 0 0 0 I 1 0 0 0 0 0 0 0 595 0 0 0208 
2118 0 0 0 0 7 19 23 18 16 12 4 0 0 0 0 0 0 0 0 0 0 3 97 0 0 0288 
280 0 0 0 0 30 30 18 14 8 1 0 0 N N 0 0 0 0 0 0 0 0100 0 0 0288 
208 0 3 37 22 33 5 0 0 0 0 0 0 0 0 0 0 0 0 0 25 75 0 0 0288 
280 0 0 0 0 8 39 45 8' 0 0 0 0 0 0 0 0 0 0 0 97 3 0 0 0288 
208 0 0 0 0 19 57 21 2 0 0 0 0 0 0 0 0 0 0 0 694 0 0 0288 
280 0 1 4 16 30 27 19 3 0 0 0 0 12 1 0 0 0 0 0 0 87 0 0 0288 
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A MOUNTAIN StePill AIJTO$IATIC WEATHER STATION 





A S Borthwick 





British mountains are not high (v 1350 m) 
but the combined effects of northerly latitude, 
high temperature lapse rates and frequent 
Atlantic depressions lead to a sharp Increase 
of climatic stress with altitude (Taylor 1976). 
The observational record of the British 
mountain climate is Sparse and fragmentary, 
with few continuous Sets of observations since 
the closure of the manned Ben Nevis Observatory 
in 1904. A high level automatic weather 
station (AWS) therefore fills a gap in the 
monitoring network with data of value In 
studies of topographical effects on air flow, 
hydrology, upland ecology, avalanche behaviour, 
exposure and wind chill. In addition, real 
time observations should improve the difficult 
task of providing accurate forecasts for the 
growing numbers of mountain walkers, climbers 
and Skiers. 	 - 
This paper describes an AWS installed in 
1977 on the summit of Cairn Gorm, Scotland 
:T --JTçir 1  
: 
fsg. E tooat,0,i (aneet) and mop of the 
C7 Cor.,, or: haiqbce in maCTao. 
(1245 c, 570N, 30W), Britain's fifth highest 
mountain. 
	
2. 	DESCRIPTION OF AWS 
2.1 	Site and environment 
Cairn Gorm lies on the northern part of 
a plateau which is the largest area of high 
ground in Britain. Skiing developments on its 
northern slopes Include an access road to BOOm 
and chairlift to llOOm 1 km from the summit 
(fig. 1). The top lOOm is a rounded dome 
covered in granite boulders with a relatively 
flat summit. A small radio communications 
hut is Situated close to the highest point with 
mains electricity supplied by buried cable from 
the chairlift station. 
The biggest envirorrvéntal problem is 
riming, from the combination ofhi'l  fog, 
temperatures in the range 0 to -10 C and 
strong winds. Conventionally exposed 
meteorological sensors are unable to function 
reliably from November to May and sporadic 
icing may occur throughout the slummer. Any 
equipment on the mountain mutt also withstand 
winds gusting to over SO ms - I • and prolonged 
high humidity. 
2.2 	AWS design 
Rather than attempt dc-icing of 
Continuously exposed sensors, the design 
solution circumvents the riming problem by 
enclosing the sensors in a protective housing 
which opens periodically to sample the ambient 
weather. There Is thus a trade-off between 
sampling frequency and expected riming 'intensity. 
and it is found that a 3 minute exposure every 
30 minutes is acceptable in most conditions. 
82 
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Fig. 2 Cucas 	th'anving of the AWS in 
the half open position. 
A prototype AWS was installed In March 
1976 to test the technique (Curran et .1. 1977) 
and the present station, designated H-W II, 
began operation 12 months later. 
The sensors are mounted on a platform 
free to slide vertically within a cylindrical 
housing (fig. 2), raised and lowered by a 
screw mechanism driven by an electric motor. 
When closed, the sensors are sealed In the 
interior space of the housing by the lid. 
Thermostatically-controlled space heaters and 
lid heater consume an average of 400 watts in 
winter and TOO watts in summer. Three 
removable Insulated panels complete the AWS 
assembly. The station is mounted on a gantry 
with its base 0.75 . above the, roof of the 
comnunications hut in which the electronics 
are housed. A more detailed account of the 
AWS construction is given by Baker et a) (1979). 
2.3 	Sensors 
The basic set of sensors comprises a 
3-cup anemometer, wind vane and resistance 
therlr,o4neter. The anemometer is fixed, cups 
downward. below the lid and is at a height of 
4 m when deployed. It is a switching type 
rated to 75 ins 1 with distance constant S m. 
A 5 'watt heater around the shaft keeps the 
bearing ice-free is severe conditions. Cup 
rotations aretotalled over the 23 minute 
gating time and an additional digital circuit 
records the ma,imi.sn 3-second wind run within 
this 23 minutes as a measure of the 	 tinesi.  
The digitizing step is equivalent to 0.9 ms 
An analogue output V • 1.5 s) is also 
available as input to a chart recorder. 
The Portori type reed switch wind vane 
15 mounted on tse sensor platform vertically 
below the anemometer. Its analogue voltage  
o,.,tputcorresponds to 2 3000  rotation to 
avoid frequent switching at the N point. The 
output is smoothed ('s • 30 a) and digitized 
in S Steps. 
A quick response platinum film iebiltahce 
thermaneter is enclosed in a simple 
rectangular metal radiation shield 10 cm above 
the sensor platform. The bridge ctrcut 
outpgt is digtizCd Over the range -30 C to 
• 30C in 0.3 C steps. This Output is not 
smoothed. 
in addition to these basic sensors a 
force ventilated thermometer screen and a 
capacitive thin film humidity sensor have been 
under test. The standard thermometer reads 
high during cold weather with light winds as 
warm air from the stations Interior is not 
displaced by ambient air, though Such 
conditions prevail for only s SI of the time. 
Further work Is required to produce a reliable 
ventilation system. 
The humidity sensor (Vaisal. HMP 21) was 
on test from June to December 1980. Comparison 
with humidities derived from a standard type 
Institute of iiydrology *515 on site in August 
1980 slowed that the sensors response lagged 
the screened wet and dry bulb in rapid falls 
of humidity from saturation to. 305 on 
occasions when subsiding air moved down to 
si.rvnit level. The sensing element was 
protected by the manufacturers sintered filter 
and further enclosed in an aluminium wind 
shield; it is probable that the lag was caused 
by water droplets inside the sensor shielding. 
This illustrates the general problem of exposure 
of fragile sensors In a mountain environment, 
as the requirements for good sensor exposure 
conflict with those of protection from damage 
in extreme conditions. 
2.4 	Data logger and radio link 
The sensors are interfaced to an 8-bit 




Pig. 3 BLock diaQr of data Logging 
-4 :ramr,iaaio', i1.tam. 
8 
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At the end of the 2J minute anemometer gate 
a pulse triggerS the PlicroGat.0 system to write 
a 12 word record on cassette tape. 
Thus every 30 minutes the AIdS records 
Wind speed, 21 minute incas 	 2 05 ms 
wind gust, 3 second maximum 	 2 O.5 ms 
Wind direction, 30 second smoothed 230 
Temperature, spot reading 	 *0.20 C 
(Relative hitild iCy, spot reading) 	a 1% 
(Spare channels) 
Day, hour, minute of observation 
The errors Cover the sensor accuracy and the 
digitizing Step. 
The logger system incorporates a 256 
word store; each time the record is written 
on tape the store is updated and the oldest 
record Is discarded. Therefore, the most 
recent 21 data records (252 words) are 
present in the Store at any one time. On 
caimand from the AIdS control electronics 
the Store is read out and broadcast by a VHF 
radio link (153 Mill) received at Heriot-Watt 
University, Edinburgh, 135 km away. The.256 
words are transmitted at 110 baud by frequency 
shift keying, decoded on reception and 
converted to binary data read by an Apple II 
microcomputer via a communications interface 
card. A BASIC program monitors the incoming 
integer data, applies conversion factors and 
displays tables of wind speed, direction and 
temperature for up to 24 hours of data. The 
10-hour stored data overlap removes the need 
to pick up every transmission. 
n A- 
,4IT 
Fig. a Ak's operation thaivig 	',ere 
- Ir&i dnola.du.) 1977-80. 
Data oov.rcage is d.fivad as 
Sp.rotsr. of ir(nd speed .5 i.pind 
3. 	OPERATING EXPERIENCE 
The station has made over S a 10 open/ 
close cycles to date, approximately 1100 days 
operation, an overall efficiency of 15t. 
Operation during the three winters 1977-18 to 
1919.80 is summarised in fig. 4. Routine 
visits are nude every S or 6 weeks; tne 
longest unir.terrijpted data run is one of 74 
days from ?iovnnber 1980 to January 1981. 
Curly problems such as a malfunctioning lid 
heater, burnout of the motor brake and logger 
battery failure were overcome by suitable 
design changes and recent performance has 
been extremely good. 
It is important that the system should 
be fail-safe in the event of a fault 
developing, as major repair work can be 
impossible for periods of weeks during winter 
weather. The motor in particular is protected 
by a thermal Cut-Out against overloading and 
is limited to running for 30 seconds maximum 
by the control logic. The station has  
recovered without damage after periods of 
icing due to heater failure and has restarted 
successfully after several electrical power 
Cuts. 
Because they are exposed for only 105 of 
the time, the anemometer and wind vane will 
generally function without replacement 
throughout winter. If a fault develops on a 
particular sensor channel this is immediately 
obvious from the on-lint data, hence the 
importance of the radio link in efficient 
running of the AIdS. Out of 200 transmissions 
monitored between February and April 1980, 
172 yielded error-free data, 21 were partially 
affected by interference and only one was 
unusable. 
The most serious renaming problem Is 
damage by thunderstorms because of the exposed 
nature of the site, though there has been 
only one instance, in August 1978, of 








2.5 2.5 6322 1.041 2 .001 905 
10 2.5 1581 1.0431 .002 87 
60 2 a 	2.5 264 1.0402 .005 91 
60 60 264 1.043 2 .004 94 
4m 
(y) 
2.5 2.5 1642 0.9302 .001 92 
10 2.5 411 0.9402 .004 87 
60 2 a 2.5 69 0.9342 .007 91 
Table 4.1 Linear fits '(y . • - ) of Summit 
wind speeds at 10- and 4- metres against AIdS 
wind speeds for averaging times 2.5 to 60 
minutes. 
4. 	SURVEY OF THE DATA 
We present wind speeds and temperatures 
from December 1918 to December 1980. A more 
detailed meteorological analysis is in 
progress. 
Measurements were made on site over 16 
days in August 1980 to compare the AIdS with 
more conventionally exposed instruments. 
8 
- 80 - 
- —f 
2-. 4- and 10- metre winds were logged at 
23 mirijte intervals with the AWS permanently 
open, logging synchronously. The results of 
linear His of 10- and 4- metrew1nds to 
AilS speeds ranging up to 36 ms- are given in 
table 4.1. The final column Is the percentage 
of points within the accuracy limits 
specified by the World Meteorological 
Organization for automatic weather sfations 
in synoptic meteorology i.e., 2 ms 
 .  
a 10 
above (640 1909). Thus the AilS 23 minute mean 
multiplied by 1.043 will estimate the 10-
metre10 minute wind within these limits for 
about 87% of the time. The scatter between 
the two wind speeds is decreased at longer 
averaging times. Although the AilS can 
normally only sample two 23 minute speeds 
every hour, this appears to be a satisfactory 
estimate of the hourly mean. The 4- metre 
fits imply that the effect of air flow over 
the hut is an acceleration of 'a 
A similar fit of AilS temperature 
against a conventionally screened thermometer 
gave 841 of the points within the VlO limit 
oft 1 C. Points outside this limit 
corresponded to low wind speeds and Strong 
insolation. 
Monthly means are listed in table 4.3 
and plotted in fig. 5. Clearly we cannot 
draw long-tern con c lusions from only two 
years of observations but the maritime 
nature of the climate Is evident from the 
relatively small annual temperature range. 
Cairn Corn compares in this respect with 
Ben Kevin summit (1343 n) where the 
warmest and coldest month 8C (1883 - 1904 
average) were June, $ 5.1 C and February, 
-4.6 C (Lamb, 1972). The Standard deviation 
a of the daily mean temperatures in each 
month Shows an increase in early summer
but is generally uniform throughout the year 
A similar uniformity holds for o.,, whereas 
the monthly means V change by ablut a factor 
of 2 from summer to winter. The strongest 
winds occur either as westerlies during the 
passage of frontal depressions or as south-
easterlies when pressure Is high over 
Scandinavia and Tow to the west of Britain. 
Extreme winds and temperatures are 
summarised In table 4.2. Th, maximum da ily 
t empera tu re (18 June 1979) occurred in light 
SW winds with an anticyclone centred over 
southern England. The minimum (15 February 
1979). was recorded In polar continental air 
brought ,ie$t..rds In the circulation of an 
anticyclone north of Britain. Maximv.un winds 
(7 December 1978) were so u th easterlies 
between a complex low west of Ireland and 
high pressure over Scaninanla with an 
occlusion lying S(JFf.l to the west of Britain 
Cairn Corn wind speeds were well is excess 
of the geostrophic values: the maximum - 23 
minute mean of 47.6 no-' corresponded to a 
geostrophic wind of 32 ms- 1 . The 1200 CMI 
radiosonde ascent from Shenwell ('a120 km 
SE of Ca irn Corn) reveaed a temperature 
inversion from .5 to s2 C at 850 eb, about 
200 I above the summit level. The 
mechanism for flow acceleration is contra mt 
from above by the stable inversion layer 
coupled with forced ascent by the mountain 
topography, of which this event is an 
extreme example. 
~ Max, monthly temperature v7.5 0C June 1979 Min. - . -8.1 Feb 1979 
Max. daily temperature 415.2 18 June 1979 
Mm, 	• 	 -13.8 	15 Feb 1979 
Max. monthly wind speed 	19.6ms-' Dec 1980 
Max. daily 	• 	 41.4 	7 Dec 1978 
Max. 23 minute 	• 	47.6 	7 Dec 1978 
Max. 3 second gust 67.6 	7 Dec 1978 
Table 4.2 Extreme values at Cairn Gos'm summ it 
December 1978 - December 1980 
OJP&•JiS S Ox5JP•sNJJS 40*0 
Fig. 5 (a) Cain,, Go,.i awrdt vivid 
speeds Dacemb,? 1978 — P.cembcr 1980. 
(.) esonchlgi eis, (0) ma.iemae da ily 
mean, (a) em.r(..see 3 a.oc'nd gust. 
(b) T..'p.rotia.a for the  
awn, period. (a ) monthl msam, 
( 0 ) i,soxi.sa, and riri?.,msi dail means. 
5. 	SUMMARY MO CONCLUSI ONS 
An automatic weather station suitable for 
operation in a severe riming envirorrnent has 
been described. The AilS has gathered data at 
the summit of Cairn Corn, Scotland, in a 
climate sufficiently hostile to defeat 
conventional methods. Wind speeds and 
temperatures are measured to an accuracy 
con,arable with the World Meteorological 
Organisation 'recommended limits. Data recorded 
so far are characteristic of a severe sub-
arctic climate with high average wind speeds and 
extreme winds on occasions when stable layers 
are present at heights cc" rable to the summit. 
The present station uses mains power 
available at the site but the power requirements 
of the system are well matched to supply by a 
gas-burning thermoelectric generator for 
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Tr. 
ow 
Dec. 	78 18 -2.0 2.2 1.4 •7.c 17 1t.4 9. C 414 t?.I 
Jan. 	79 - 
Feb. 21 -8.1 2.9 -1.7 -13.8 14 15.2 6.2 25.1 37.1 
Mir. 22 -5.1 7.1 -0.8 -10.0 14 18.4 5.6 26.4 56.0 
Apr. 26 -2.2 2.3 1.8 -6.2 27 12.5 5.9 25.1 40.1 
May 20 0.5 3.8 4.7 -7.4 25 11.4 5.6 23.0 40.5 
June 30 7.5 4.3 15.2 1.1 3 11.0 3.9 14.4 22.5 
July 29 5.9 3.0 11.2 0.3 5 8.3 1.8 10.2 26.3 
Aug. 23 3.9 2.4 9.9 0.5 23 9.4 5.2 18.6 35.8 
Sept. • - 
Oct. 18 3.3 2.4 7.7 -1.4 17 13.6 6.5 25.4 47.2 
Nov. 25 -1.8 4.1 6.7 -7.4 25 15.6 5.7 75.1 45.2 
Dec. 31 -3.6 2.7 0.4 -8.1 26 14.7 6.2 26.4 50.0 
Jan. 80 30 -4.4 2.8 2.1 -9.6 25 11.5 5.6 22.5 41.0 
'Feb. 28 -2.8 3.1 0.4 -10.0 28 13.4 	- 6.2 24.7 44.4 
Mar. 31 -4.4 2.4 -0.9 .9.3 31 13.7 5.6 28.0 44.4 
Apr. 29 -0.7 2.4 3.4 -5.6 30 12.2 -6.8 30.6 45.2 
May 22 4.2 4.6 13.2 -3.8 22 10.6 7.0 25.1 37.1 
June 20 4.3 1.9 8.4 1.2 19 9.7 5.2 21.2 41.9 
July 23 4.4 2.0 9.4 1.3 25 8.9 3.8 20.0 31.1 
Aug. 20 5.9 2.5 9.6 1.2 20 11.4 6.8 24.9 44.0 
Sept. 14 6.1 2.0 9.2 2.3 14 14.8 3.9 23.8 38.8 
Oct. 30 0.7 2.1 4.6 -3.7 29 14.4 5.7 28.9 47.8 
Ho,. 30 -1.0 2.8 4.1 -7.4 28 14.3 4.7 23.0 47.8 
Dec. 31 1.9 7.6 3.0 -6.4 27 19.6 6.4 30.2 57.7 
Table 4.3 Monthly mean temperatures and wind speeds. Cairn Gorm summit December 1978 --
December 1980 
N1 , N are numbers of days data, 
o, 
0 9  standard deviations of daily means. 
truly remote cperation. Further developments 
of the sensors include a backscatter 
visibility monitor and an infra-red hygrometer. 
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Fig. 1 The Heriot-Wart 11 station mounted above the radio relay hut on Cairn Gorm summit. 
The aerial on the right transmits data to Edinburgh. 
are representative of the Site, given the non-standard design and exposure of the 
AWS. A preliminary field study was carried out in August 1979 which revealed that 
the H-W II wind speeds were about 10 per cent higher than those at the same height 
about 25 m from the hut. In August 1980 a more comprehensive study was undertaken 
primarily to relate the H-W II wind speeds to the 10 m wind. 
SITE AND INSTRUMENTATION 
Fig. 2 depicts Cairn GOTM and its surroundings. The topmost 100 m of the moun-
tain is a boulder-covered dome with steep slopes to the west and the deeply glaciated 
valley containing Loch Avon to the south: The summit area itself is relatively level and 
the AWS is freely exposed in all directions. 
The site layout is shown in Fig. 3. A lightweight 10 m mast carried anemometers 
at 10. 4 and 2 m and a wind vane at 10 m. A separate mast carried anemometers at 2 
and 4 m. and a further anemometer and wind vane were mounted on a portable 2 m 
tripod situated at various points according to wind direction. A marine screen close to 
the 10 m mast housed wet and dry bulb resistance thermometers. Porton three-cup 
switching anemometers identical to that on H-W II were used throughout. For the 
calibration period only. H-W II was modified to remain open permanently and to log 
data every 21/2 minutes. All the electronics and displays were within the hut. 
In addition to the above instruments, the Institute of Hydrology (IH) standard 
pattern AWS (Strangeways 1972) situated on the southern corner of the hut (Fig. 3) 
recorded wind run, wind direction. temperature, wet-bulb depression and solar radia-
tion at 5-minute intervals throughout the observation period. 
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Fig. 2 Cairn Gortn and its surrounding area: contour interval 100 m. Inset, loca-
tions of Cairn Gorm (CG) and Shan well (S). 






0 2 M 
(NE) 




0 2 M (SE) 
Fig. 3 Site plan and layout of anemometer masts. 
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SURVEY AND DISCUSSION OF THE OBSERVATIONS 
Systematic recording began on 15 August and continued until 1 September. Over 
300 hours of data were recorded. The observations are summarised in Tables I and 2 
and plotted in Fig. 4. The gap in wind speed data on the 23rd is due to anemometer 
icing. Other gaps occur at tape changes. 
Temperature and Humidity 
One feature of Fig. 4 is the correlation of daily temperature range with the 
incidence of hill fog. On days of persistent hill fog, the daily variation is 2 deg C or less. 
On the other hand, when skies are clear and winds light the daily range can increase to 
10 deg C. Temperatures are generally about 1 deg C higher than the 850 mb tempera-
tures taken from the Shanwell radiosonde ascent (Daily Aerological Record, 
Meteorological Office). As would be expected, this difference is greater at midday in 
sun and light winds. 
In a series of observations from 31 July to 15 August 1953 Dybeck and Green 
(1955) obtained a mean temperature of 8.9°C compared with our mean value of 5.7°C 
and found a similar mean daily range of 5 deg C at a height of 1113 m on Cairn 
Lochan. 2 km southwest of Cairn Gorm. 
Relative humidity was close to 100 per cent on most days, but on two occasions 
(26-27 and 31 August) humidities around 30 per cent were recorded (see case 4 
below). 






















16 96 78 144 78 82 64 
17 84 6.6 96 27 98 89 
18 6$ 69 78 30 5.$ 96 
19 60 3.3 108 75 6-0 89 
20 46 4-8 57 5.4 56 91 
21 1-9 06 36 30 2•0 93 
22 11 03 21 24 02 1(K) 
23 15 -03 36 36 -05 80 
24 3.4 03 7.5 72 24 68 
25 5-6 42 7-5 30 5.4 tO)) 
26 7.3 60 9.3 3.3 66 30 
27 96 69 126 4.5 76 38 
28 71 75 81 24 6-2 91 
29 66 57 72 18 62 85 
30 46 32 4.5 22 60 IOU 
31 7-4 03 102 9.9 84 31 
Note (1) Mean (1000-24(X) GMT of 2½ minute readings 
Overniht minimum 2100-09(X) 
Daytime maximum 0900-21(X) 
(3) 24 hr range 0000-24(0 
Shanwell mid-day ascent 
Maximum RH was 100 per cent on all days 
Although the H-W 11 thermometer reads high in light winds and strong sunshine (e.g. 31 
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Fig. 4 Plot of data over observation period: 
Hourly mean wind speed (lower trace) and maximum 3-second gust within 
hour, recorded by H-W ii. 
Hourly mean temperature recorded by H-W 11. 
Occurrence of hill fog estimated from daily log. 
Hour/v mean solar radiation recorded hr Institute of Hydrology A WS. 
Wind 
High winds are expected to be the dominant climatic feature of a mountain 
summit. Of 305 hours of hourly mean wind speeds. 95 hours (31 per cent) were force S 
or greater. These 95 hours were divided as follows (with Beaufort scale descriptions in 
parentheses): 30 hours of force S winds .(gale - breaks twigs off trees): 30 hours of 
force 9 (strong gale - slight structural damage); 26 hours of force 10 (Storm - trees 
uprooted); 6 hours of force 11 (storm - rarely experienced inland; widespread dam-
age); and 3 hours of hurricane winds! The gale of 19-20 August gave the highest winds 
(see case 2 below). It should be noted that these statistics were collected during the 
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TABLE 2 Cairn Gurm summit daily wind spccd(ms '). 16-31 August 1980. and 850 m wind'; 
from Daily Acruluiical Rccord, Shanwell. 
Date No. hrs. 	Daily 
2 1/, mm. mean 














16 22 	 91 256 35'0 62 1-47 17 24 19-6 24-7 35'0 16-2 121 18 24 	 179 191 30.7 10-4 1-72 19 22 185 307 48-7 10-8 1-71 20 23 	 24-9 33-2 466 18-9 1-32 21 21 242 285 39-7 19-9 1-22 22 12 	 17-2 22-4 29-0 146 118 23 8 11-6 14-0 19-1 7-2 1-61 24 24 	 8-4 13-6 17-4 6-0 1-40 25 9 9-1 	- 153 20-0 46 1-98 26 12 	 3-0 6-7 12-8 6-4 0-47 27 22 60 97 13-4 86 0-70 28 16 	 11-6 16-9 25-1 7-9 147 29 24 8-6 12-8 17-4 6-4 1-34 30 23 	 11-7 14-5 20-0 10-1 1-16 31 11 4-7 6-7 11-1 69 0-68 
Note (1) Mean of 2 1/_- minute data 
(2) Mean of four ascents 
H-W It and 10 m 2 1/:!-minute means were related by a linear regression 
v jjw = 096 v 1 , 
peak month for summer visitors to the Cairngorm region, and, despite these condi-
tions, there were no days when we were alone on the summit. 
It is instructive to compare our daily means with the 850 mb (- 1450 m) values 
from the Shanwell ascent, which indicates the influence of the mountain on the free 
atmosphere air flow (Table 2). Winds on Cairn Gorm exceed those at a similar height 
in the free atmosphere on most days by 20-40 per cent but there are a few occasions in 
light winds when the reverse is true. Overall for the period, summit winds are about 30 
per cent higher than 850 mh winds, this figure being an average over different synoptic 
Situations. 
Four periods within the 16 days have been selected for further discussion below. 
Two s/tarp/v contrasting days,- 16 and 17 August. 
The surface chart for 1200 GMT on 16 August (Fig. 5(a)) shows a depression 
centred west of Ireland preceded by a ridge giving little pressure gradient over Britain. 
The valleys surrounding Cairn Gorm were filled with radiation fog from which we 
emerged on our drive up to the car park at about 600 m to see the hills in bright 
sunshine: a perfect day for hill-walking. Summit winds were light southerly and a 
maximum temperature of 136°C was recorded at 1400. Sunshine was reduced in the 
afternoon by broken cumulus and thickening cirrus as the depression advanced. 
Bv the evening winds had increased rapidly (see Fig. 6) and conditions on the 17th 
were markedly worse. We walked up to the station from the Coire Cas car park in 
driving rain. Hill fog persisted all day and a temperature of 9.8CC dropping to 77°C by 
mid afternoon, accompanied by gusts of more than 30 ms. made outdoor work 
unpleasant. 
The contrast between these two days. more than any others in this period, high-
lights the intensity of the dav-to-da' changes possible in mountain weather and the 
importance to the hill walker of obtaining a good forecast. 
(continued on p. 236) 
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Fig. 5 
Surface chart for 1200 GMT 16 August 1980. 
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21/08/80 
Fig. 6 H-W 11 10-,ninuie mean wind speeds, maximum 3-second gusts within each 10 minutes. and 
temperatures, 16-21 August 1980. 
(o) denotes the Shanwell 850 mb wind (Daily Aerological Record) 
(+) denotes the surface wind at Kinloss (Dat/v Weather Report). 
Gale; 19-20 August 
On the 19th a warm front associated with a depression centred near Iceland 
approached from the west. The surface chart for 1800 GMT is given in Fig. 5(b). After 
a spell of heavy rain on the summit at midday, the south-westerly wind had reached 
force 8 by the time we left at 1530 GMT in patchy hill fog and increased still further 
0 
0 	 0 0 0 
- 
 -41-  
- 	 .-;-- 	 - 	 -- .- 
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during the evening. On the morning of the 20th a strong westerly gale was in progress. 
We walked up from Coire Cas but diverged from our normal route at the upper 
chairlift station to approach the summit from the east, avoiding the tourist path which 
was fulls- exposed to the wind. lull fog had descended to about 1100 m. At the summit 
the 4 m mast had been tilted alarmingly (Fig. 7) and the overnight chart record 
indicated that several gusts recorded by H-WI! were off scale (> 100 mph. 45 ms - 1 ). 
We righted the 4 m mast in winds (at 10 m) averaging 27 ms, with gusts to 37 ms - 1 . 
Hill fog cleared from the summit in the afternoon and wind speeds moderated slightly. 
At the prevailing temperature of 5°C exposure to such winds (force 10) is toler-
able if one is well clothed; at freezing temperatures, however, wind chill becomes 
uncomfortable after a short time. Sudden sharp gusts are a hazard to one's balance 
when on rough ground, and walking into these winds soon becomes tiring. 
From Fig. 6, and the synoptic situation shown in Fig. 5(b), we can infer that the 
warm front passage at Cairn Gorm took place between 1500 and 1900 GMT. and that 
the cold front passed just before midnight. Winds increased steadily during the 
approach of the warm front and through the warm sector, but the strongest winds 
occurred immediately after the cold front, though it is more usual for there to be a fall 
in windspeed at the passage of a cold front. H-W II measured a peak 3-second gust of 
48-7 ms' at 2339 GMT. just as the station entered the cold air, and a maximum 
hourly mean (0000-0100 GMT) of 332 ms with a corresponding maximum at 10 m 
of 327 ms - 1 . 
The midnight ascent from Shanwell shows the frontal surface of the cold front to 
be well defined with potentially unstable cold air below. The wind structure is consis-
tent with the interpretation of this front as a katafront (Sansom 1951). with subsiding 
warm air giving rise to the large temperature difference across the frontal surface. As 
this system passes over the mountain, convection will be triggered in the cold air while 
the stable frontal surface will resist lifting. The turbulent cold air is constrained to flow 
between the top of the mountain and the frontal surface, giving rise to the high winds 
and the increased variability in the gust record. 
Fig. 7 Force 10 on Cairn Gorm: the 4 ,n mast after the overnight gale. 20 
August 1980. 
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Fig. 8 A rapid fall in relative humidity observed on Cairn Gorni supnmit 
as a ridge of high pressure crossed the British Isles on 31 August 
1980. 
Icing: 23 August 
Three days of north-westerly winds followed the gale. On the morning of the 23rd 
there was hill fog and light rain above 1100 m. The 10 m mast was found collapsed, 
having buckled about 2 m above ground. The guys were in place but they and the top 
sections of mast were coated in glazed ice about 2 cm thick, which had exerted 
sufficient loading to buckle the mast. H-\V II had logged a steady 0°C overnight from 
2300 to 0700, while the IH temperatures over this period were —05°C. Recorded wind 
speeds just before the collapse at 0730 GMT were only 5 ms. though the anemo-
meter cups would have been iced by this time. Driving rain and a temperature of 1°C 
made the clearing-up operation an unpleasant task. The hill fog lifted by afternoon 
and the cloud base rose to reveal exceptional visibility. The 10 m mast was re-erected 
on 26 August. 
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Glaze is characteristic of freezing rain or drizzle, as distinct from rime which 
commonly occurs here in winter when the summit is shrouded in hill fog. Similar 
glazed ice was observed on the 4 m mast on 27 August 1979, so icing at this time of the 
year at these heights cannot be regarded as particularly unusual. Page (1969) describes 
the collapse of a 410 m television mast after a heavy deposit of glaze. 
Low humidity; 31 August. 
On the 31st a ridge of high pressure extended northwards over Britain. The 
morning was sunny and clear with light winds at the summit. In these conditions the 
most likely cause of the sharp fall in relative humidity (see Fig. 8) is the descent of a 
subsidence inversion to summit height. A similar rapid fall in humidity on the 26th at 
2300 GMT is ascribable to the same cause. 
Several instances of very low humidities on Ben Nevis are reported by Green 
(1967). 
CONCLUSIONS 
Weather changes are intensified in a mountainous area. The topography and 
atmosphere interact in a complex way, producing high local wind speeds and intense 
precipitation especially during the passage of fronts. The summit environment is one 
of considerable stress: strong winds, heavy rain and snow, freeze-thaw cycling, gener-
ally near saturation with occasional rapid falls in humidity and strong sunshine on clear 
days. 
Two daily types can be identified in this period: days with much hill fog, small 
temperature range, near 100 per cent relative humidity and generally high winds; and, 
in contrast, clear days with a large temperature range, lighter winds, possibly low 
relative humidity and significant solar radiation. There is obviously scope for more 
work in this area, for which the data set built up already is of great value. 
There is an unfortunate tendency in the popular press, particularly when report-
ing accidents and rescues, to imply that mountain weather is quite unpredictable and is 
somehow randomly malevolent. It does present a formidable forecasting problem. but 
it is in no way divorced from the physical processes in the rest of the atmosphere. We 
hope that further study of this remarkable climate will help to reverse this attitude and 
make hill-goers more aware of the benefits of some meteorological knowledge. 
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